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PIRSSONITE. 


A new and rare mineral from Borax Lake, California. This interesting 
species is fully described by Mr. J. H. Pratt in this number of the American 
Journal of Science. 

We were so fortunate as to secure all purchasable specimens and offer small 
but perfect crystals at 40c to 32.50 each. Several of largest size and rarest 
form at higher prices. (One crystal associated with Northupite.) 


RARE AUSTRALIAN MINERALS. 


Seldom seen in American Collections. 
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at once. 
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BROMYRITE, cryste illized, 31.00 to $6.00 
GMELINITE. he finest e xaviple s we have ever seen. 

One each at ; $1.50 and $2.50 
CERUSSITE, somé good. small ones le ft, 50c. to $1.00 
PYROMORPHITE for the microscope in minute erys- 


tals of modified form and great brilliancy, . . Mounts, 50c. each 


FROM PATERSON, XN. J. 


A collection made some time ago gives us some good specimens which are 
offered at low prices, 25c. to $1.00 each. Thaumasite crystals, Pectolite 
in large balls of radiated structure, Prehnite, Apophyllite and Heulan- 


dite. 
TERMINATED CRYSTALS OF PECTOLITE. 


A choice lot from Guttenburg, N. J. 
Loose aggregations of iridescent and almost snow white prisms associated 
. . 5S 5 . . 

with bright Prehnite. Handsome and desirable specimens, 75c. to $1.00. 


MINERALS SENT ON APPROVAL to responsible parties in any 
part of the world, by freight, express, or post. (We deliver them to you free 
of charge with privilege of selection and return.) 

Catalogue and circulars on application, 
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Catalogues just out on subjects of 
Geology, Mineralogy, Meteorites, 
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If you are looking for books it will pay you to send for our lists. (Please 
mention subject.) 


Dr. A. E. FOOTE, 


WarREN M. Foote, Manager. 
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Art. XXI.—On the regular or specular reflection of the 
Réntgen Rays from polished metallic surfaces ; by Prof. 
O. N. Roop of Columbia University. 


THE source of the electricity in all the experiments detailed 
below was an ordinary induction coil made by Ruhmkorff: its 
length was 30 centimeters, its diameter 13-5. When the coil 
was in action a current of 4°8 amperes traversed it, and fur- 
nished a spark 90" in length. In none of the experiments 
described in this paper did the discharge tubes heat sensibly. 
The tube employed in the earlier experiments had a diameter 
of 47™", and contained a small calcined shell, which when 
acted on by the cathode rays, furnished X-rays quite abundantly 
from an area about 4"™ square, and in smaller amounts from 
other portions of the shell and from the walls of the tube, as 
was proved by the aid of pin-hole photographs. 


1. Eeeperiment with platinum foil, unmounted. 


The first decided indication of regular or specular reflection 
of the X-rays was obtained on March 13th, after an exposure 
of ten hours, a sheet of platinum foil 17°8 centimeters square 
being employed as the reflecting surface; the total distance 
from the walls of the vertical discharge tube to the plate- 
holder was 165™". A short account of the result obtained was 
published in Science, on March 27th, 1896. 

In this experiment the sensitive plate was shielded by a 
draw-slide that proved impervious to bright sunlight during an 
exposure of seven hours: in addition to this protection from 
ordinary light, it was completely covered by a plate of 
aluminium having a thickness of 0°17™, and the central por- 
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tion of this plate was again covered by a horizontal strip of 
the same material, 25™" broad. Over this a netting of iron 
wire was fastened, the distance of the wires apart being 3:1", 
their thickness 0°54™". This netting was destined to furnish 
the image or shadow-picture. I may remark in passing, that 
nettings like this, or coarser, are very useful in experiments on 
the X-rays, as they furnish accurate information as to uni- 
formity of illumination, single or double sources of the rays, 
and also with regard to the relative transparency of objects 
placed on or in front of the plate-holder. It is hardly neces- 
sary to add that in the experiment with the platinum foil the 
plate-holder was protected by sheet lead from all direct emana- 
tions of the discharge tube. The angle of incidence was made 
as near 45° as could be accomplished with a divergent beam. 
After the impression due to the reflected X-rays had been 
obtained, the sensitive plate was removed from the holder, 
also the shields of aluminium and the draw-slide, the wire net- 
ting alone being allowed to remain. The plate-holder, being 
then provided with a fresh sensitive plate, was replaced exactly 
in its original position, and exposed in the dark to a single dis- 
charge of the tube, the ordinary light of which was reflected 
to the naked plate by the foil. The image on the comparison 
plate thus obtained was of course due entirely to ordinary 
light that had been regularly reflected from the platinum, and 
the deformations of this image served to answer the question 
as to whether the X-rays also had undergone regular or specu- 
lar reflection or only diffused reflection, or a mixture of both. 


paint 


2. 


The accompanying woodcuts, figures 1 and 2, will serve to 
give some idea of the images obtained in the two cases. It 
will be noticed in figure 2, the picture obtained by ordi- 
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if 
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nary light, that the shadows of the vertical wires on the 
right hand are doubled ; the corresponding lines of the X-ray 
picture are blurred and indistinct ; again, in the picture taken 
by ordinary light the horizontal lines are distinct, which is also 
the case with the X-ray picture ; in fact when the original nega- 
tives were examined, there was found to be a marked corre- 
spondence between the two, which “pointed,” as I remarked 
in my article in Science, “strongly to the conclusion that in 
the act of reflection from a metailic surface the Réntgen rays 
behave like ordinary light.” This negative contained evidence 
that some diffused X-rays had also reached the sensitive plate, 
for the image on it was as a general thing not as sharp as if it 
had been produced entirely by regularly reflected rays. Also 
an image of two vertical wires was produced outside of the 
space that could be reached by regularly reflected X-rays. This 
negative was too weak to furnish prints showing all the details, 
but from a study of it the conclusion was reached that a sur- 
face of platinum foil reflected the X-rays in the same general 
manner in which it reflected ordinary light, but that the per- 
centage of the scattered X-rays was considerably larger than in 
the case of ordinary light, or in other words, that the platinum 
surface acted in connection with the X-rays as though it were 
imperfectly polished, a result that had been predicted by Dr. 
W. Gibbs. 

Photographic experiments were also made to ascertain what 
percentage of the X-rays underwent reflection. Plates from 
the same box, protected in the same way, were placed at the 
same distance from the discharge tube, without the interven- 
tion of a mirror, and the time of exposure was diminished, till 
with similar development a similar image was obtained. The 
result of this determination was, that platinum foil at an angle 
of 45° reflected 54,th part of the incident X-rays. 


Experiments with mirrors of speculum metal and platinum. 


In order still further to study this matter and to extend the 
investigation to a second reflecting substance, on May 9th I 
employed a mirror made of speculum metal, its dimensions 
being 64™™ by 120™". This mirror was flat, but not partic- 
ularly well polished. The shell tube was again used, and 
matters were so arranged that only one-half of the sensitive 
plate could be reached by regularly reflected ordinary light, or 
by regularly reflected X-rays. A coarser netting was em- 
ployed, the distance from wire to wire being 6°46™"; the 
diameter of the wire was 0°8™". The same draw-slide was 
used to protect the plate; near its top it was covered by alu- 
minium foil with a thickness of 0°023"™"; at the bottom it was 
crossed by a strip of aluminium plate having a thickness of 
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0-264". The angle as before was 45°; the total distance 
from the discharge tube to the sensitive plate was 177™™. The 
exposure lasted fifty hours and a strong negative was obtained. 
Just as in the previous experiment, a comparison negative was 
taken in a dark room with the ordinary light furnished by the 
tube and reflected from the mirror, the plate as before being 
naked and covered only by the netting. The exposure in this 
case lasted two minutes, though subsequent experiments 
showed that thirty seconds would have answered. Although 
the speculum mirror sent regularly reflected ordinary light to 
only one-half of the naked plate, yet the ordinary light diffused 
from its surface acted on the whole of the plate and gave a 
strong negative, which of course was much denser in that half 
of the plate reached by the regularly reflected rays. 

It having thus been proved that the speculum mirror sent a 
portion of diffused ordinary light to the half of the plate not 
reached by regularly reflected light, it was to be expected that 
the same result would follow in the case of the plate exposed 
to the X-rays. This was found to be the case, but the differ- 
ence in the densities of the two halves of the negative was less 
well marked. In the case of the X-ray negative, the vertical 
lines were somewhat blurred and’ broadened, owing to the 
action of the diffused rays, but in most portions of the plate the 
horizontal lines were sharp and not sensibly broader than the 
wires of the netting. This fact is difficult to account for on 
the supposition that the speculum mirror sent to the plate 
only diffused X-rays, as will be seen by what immediately 
follows. In order to ascertain what kind of an image diffused 
ordinary light, unmixed with regularly reflected light, would 
furnish, the face of the mirror was neatly covered with white 
paper which had been chalked to remove the last trace of its 
glaze. Negatives were taken in the same manner as that 
employed with the comparison plates above mentioned, the 
exposures being one, ten and thirty seconds. The three agreed 
in their details, but their appearance was totally different from 
that of the X-ray negative, the horizontal lines in particular 
being 5™" in breadth, instead of about 0°8™", as was the case 
with the X-ray negative. 

Experiment with a platinum mirror.—A piece of platinum 
foil was now cut of the same shape and size as the speculum 
mirror, and put in the position previously occupied by the 
latter. The platinum was cemented on a plate of glass having 
a plane surface, pains being taken to make the platinum lie as 
flat as possible. Its polish was not bad, but in spite of all 
efforts it was impossible to remove its small but visible irregu- 
larities of surface. As was to be expected, when used as a 
looking glass it furnished an image which was not distorted, 
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but hazy. The refiection experiment with X-rays above de- 
scribed was now repeated with its aid, the exposure as before 
being fifty hours. The result obtained was in general the 
same as before, with the important difference that the vertical 
lines were decidedly more blurred, and the sharp horizontal 
lines produced by the speculum metal rarely made their appear- 
ance. If flat metallic surfaces reflect only diffused X-rays, it 
is impossible to explain the marked differences exhibited by 
the negatives obtained from these two mirrors, which differed 
only in perfection of surface. It may be remarked in passing, 
that although no special attempt was made to measure the 
relative amount of the X-rays reflected by the two metals, yet 
the negative due to the platinum appeared slightly more dense, 
indicating a somewhat superior reflecting power. 


Experiment with a cylindrical mirror. 


While it would seem nearly impossible to explain the results 
above given, except on the assumption that X-rays reflected 
from flat polished metallic surfaces consist of regularly reflected 
rays mingled with others that have undergone diffuse reflec- 
tion, yet it was decided to try another experiment that would 
be even more conclusive, and at the same time furnish at least 
a rough measure of the relative amounts of the two sets of 
rays. An ordinary pear-shaped Crookes tube was used, the 
hemispherical end of the tube opposite the cathode being the 
source of the X-rays. Its diameter was 90", the fluorescent 
portion having a diameter of about 83""; hence the source of 
the X-rays was a rather Jarge surface. The rays fell at an 
angle of 45° on a rectangular concave cylindrical mirror, its 
dimensions being 102™" by 170". The distance from the 
tube to the center of the mirror was 152"; from the center 
of the mirror to that of the plate-holder it was 165"". The 
surface of the cylindrical mirror was made of lead-foil faced 
with a thin coating of tin; the polish was brilliant.* The 
specific gravity of the foil was 10°87. This foil was cemented 
on a sheet of mica, which was then bent so as to form a con- 
cave cylindrical mirror, the radius of its central portion being 
255"™ ; those of the external portions were somewhat greater. 
The mirror was placed so that the axis of the cylinder was 
vertical. Owing to the arrangement and the size of source of 
illumination, the beam of ordinary light reflected from the 
mirror to the plate-holder was somewhat divergent, but less so 
than would have been the case with a flat mirror. The lead- 
foil mirror of course had certain deformations, generally verti- 


*This a commercial article in the United States, and is known simply as 
‘tip foil.” 
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cal, but they were of no consequence in the experiments that 
followed. In a perfectly darkened room the ordinary whitish 
green light from the end of the tube was reflected from the 
cylindrical mirror towards the plate-holder faced with white 
paper, and the shadows cast by vertical and horizontal wires 
were studied. This beam of light had certain characteristics 
impressed on it by the act of regular or specular reflection 
from the cylindrical mirror, and it was found that the shadows 
of the vertical wires of a netting held at a distance of a few 
millimeters from the plate-holder were blurred and doubled, 
while the shadows of the horizontal wires remained perfectly 
sharp and single. In order to study these shadows with a 
stronger illumination, the Crookes tube was removed, and its 
luminous end replaced by a circular transparent screen 83™" 
in diameter, illuminated from behind with a gas-flame, but no 
new facts were developed. 

The apparatus being properly arranged, the tube and mirror 
were cemented fast to their supports, and the plate-holder was 
provided with cemented guides, so that after removal it could 
be returned to its original position. In the first experiment 
the sensitive plate was shielded only with the draw-slide that 
had proved impervious to an exposure of seven hours of sun- 
light ; on it was fastened a coarse wire netting, the average 
distance between the wires being 12°3""; the thickness of the 
wire was 1°34™". This plate was exposed for forty-six hours 
to the reflected X-rays, and furnished a fine negative. Lest it 
should be urged that it was partly due to ordinary ultra violet 
light, a second plate was exposed for ninety hours, the strips 
of aluminium foil and aluminium plate above mentioned being 
used. These were fastened on the plate-holder diagonally, so 
as to interfere as little as possible with the image. There was 
no difference between the 46-hour and the 90-hour negatives, 
except in the matter of density; the foil left no trace of its 
presence, but the portions under the aluminium plate were a 
little less strong. 

As was expected, the vertical lines in both negatives were 
broadened and blurred, their diffused image in some cases 
extending half-way across the open squares, while on the other 
hand the horizontal lines were sharply defined and. searcely 
broader than the wires that produced then.. The mirror was 
now covered up with chalked paper neatly fitted to its surface, 
and a negative taken with an exposure of one minute, the 
whitish green light from the end of the Crookes tube being 
employed as the source of illumination. Its appearance was 
totally different from that obtained by the use of the X-rays, 
the > rs of both horizontal and vertical wires having a 
tolerably uniform breadth of about 6™™. This negative, taken 
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by diffused ordinary light, had a certain character of its own, 
in the disposition for example of its horizontal bands, and a 
study of the 90-hour negative convinced me that it also contained 
decided evidence of the presence of similar diffused horizontal 
bands, and that in point of fact upon the same plate were two 
impressions superimposed, one due to regularly reflected 
X-rays, the other to the same rays in a diffused condition. 

It now remained to attempt to make an estimate of the rela- 
tive amounts of the regularly reflected and diffused X-rays in 
the case of the 90-hour negative. This I undertook to accom- 
plish by mixing together ordinary diffused with ordinary 
specularly reflected light, till the mixture should furnish a 
negative corresponding in appearance with that obtained with 
the X-rays. It was first ascertained by an ordinary photo- 
metric determination that the cylindrical mirror sent to the 
plate-holder a certain amount of light, and that when this 
mirror was covered up by unglazed white paper, the plate- 
holder received only one-quarter of this amount, the original 
source in both cases being the end of the Crookes tube. Oon- 
sequently, when the cylindrical mirror was covered up with a 
sheet of this paper from which one-half of the surface had been 
removed, chess-board fashion, the sensitive plate would be 
acted on by four parts of regularly reflected ordinary light, 
and by one part of light that was equally diffused in all direc- 
tions, that is, it would receive 80 per cent. of regularly 
reflected ordinary light, and 20 per cent. of diffused. A nega- 
tive taken after this fashion, when compared with the 90-hour 
X-ray negative, was found to have received too small an 
amount of diffused light. The mirror was then covered by a 
different sheet of the same paper, perforated after the same 
general fashion, but furnishing to the sevsitive plate a mixture 
of 36 per cent. of regularly reflected and 64 per cent. of dif- 
fused light. This second negative showed that too much 
diffused light had been employed, and that the most appro- 
priate mixture would not be far from equal parts of the two 
kinds of light. Consequently it was concluded that, according 
to this imitative experiment, the 90-hour negative had been 
acted upon by approximately equal parts of regularly refiected 
and diffused X-rays. The experiment was not pushed farther, 
as a study of these negatives convinced me that no mixture of 
regularly reflected and of equally diffused light would furnish 
more than a coarse imitation of the X-ray negative, there being 
details on the latter which no such mixture could reproduce. 
The explanation of this lies, as I take it, in the fact that pol- 
ished metallic surfaces do not furnish a mixture of regularly 
reflected and of equally diffused X-rays; they appear, accord- 
ing to my observations, to furnish, at an angle of 45°, a certain 
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amount of regularly reflected X-rays, along with a certain 
quantity of X-rays that are not equally scattered in all direc- 
tions, but that stray from their more orderly companions only 
to a moderate extent; that is, the diffusion has the char- 
acter that obtains with ordinary light reflected from imper- 
fectly polished mirrors. It would appear then, according to 
these experiments, that metallic surfaces which are highly pol- 
ished for ordinary light are only imperfectly polished for the 
X-rays, and it may be added that all the experiments detailed 
in this paper are in harmony with the idea that the X-rays 
consist of transverse waves like those that constitute ordinary 
light, differing from them only in being much shorter. 


In the earlier experiments I was much annoyed by the pres- 
ence on the plates of systems of variously curved lines, which 
either obscured or blotted out the photographic impression. 
These curves had a breadth of a few millimeters and were 
never twice alike in shape. They always made their appearance 
in the preliminary experiments on reflection, and sometimes 
even when the X-rays were allowed to fall directly on the 
plate-holder without the intervention of a mirror. They 
appeared to be due to ordinary static induction, and were 
finally abolished by replacing the sheet-iron slide that contained 
the plate by one made of wood, and insulating the plate-holder 
by supporting plates of glass. The large lead screen between 
the discharge tube and the plate-holder was also carefully 
grounded. With these precautions the electrical markings 
became very faint, and indeed quite imperceptible except with 
short exposures that furnished very faint negatives. 


New York, June 17, 1896 
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Art. XXII.—An Lodometric Method for the Determination 
of Phosphorus in Iron ; by CHARLOTTE FAIRBANKS. 


[Contributions from the Kent Chemical Laboratory of Yale University, LIV.] 


A RECENT paper from this laboratory* showed that molybdic 
acid was reduced by hydriodiec acid to the condition of oxida- 
tion represented by the symbol Mo,O, in acid solution, while in 
an alkaline solution the reduced product was reoxidized by 
standard iodine. 


In acid solution, 2McO,+2HI=Mo,0,+I1,+H,O 
In alkaline solution Mo,O, +H, O=2Mo0, + 


These reactions obviously present the possibility of develop- 
ing a method for the determination of phosphorus in the phos- 
pho-molybdates. 

The very careful work of Messrs. Blairand Whitfield+ shows 
conclusively that the ammonium phospho-molybdate, precipi- 
tated under the conditions ordinarily prescribed for the deter- 
mination of phosphorus in iron or iron ores, is of definite con- 
stitution. They find that 24Mo0O,, P,O,, 3(NH,),0O, 2H,O 
expresses the composition of this phospho- molybdate, which 
therefore contains 1-794 parts of phosphorus to every 100 parts 
of molybdic anhydride. 

This being the case, it is plain that if advantage can be taken 
of the fact that the amount of iodine necessary to reoxidize 
reduced molybdic acid is large, as well as of the fact that the 
amount of molybdic acid compared to the phosphorus con- 
tained in the phospho-molybdate is also large, a method of 
great theoretical accuracy pee result. 

I have experimented with a process which consists essentially 
in treating the ammonium phospho-molybdate, produced by 
the accepted methods of iron analysis, with potassium iodide 
in the presence of strong hydrochloric acid mle under carefully 
regulated conditions ; in neutralizing the residue thus obtained 
by acid sodium carbonate ; and in reoxidizing the reduced 
molybdenum compound to the condition of moly bdic acid by 
titration with iodine. 

The directions prescribed by Messrs. Blair and Whitfield for 
making the ammonium molybdate solution were followed : 100 
grams of molybdie anhydride are intimately mixed with 400° 
of distilled water and 80° of strong ammonia, and after filtering, 
this liquid is poured into a mixture of 300° of nitric acid 


* Gooch and Fairbanks, this Journal, vol. ii, p. 156. 
+ Jour. Am. Chem. Soc., vol. xvii (1895). 


182 C. Fairbanks—Iodometric Method for the 


(1:42 sp. gr.) and 700° of water. This solution, it is said, 
ractically remains unaltered for months ; but it is much safer 
to filter each day the portion to be used. 

In order to obtain a standard solution of phosphorus, 1:2 
grams of microcosmic salt were dissolved in one litre of water 
and 50° of this solution were evaporated, and the residue 
ignited and weighed as sodium metaphosphate. 

Iron free from phosphorus, for admixture with known 
amounts of phosphorus in the test experiments, was prepared 
by igniting ferrous oxalate. The oxalate was precipitated by 
oxalic acid from ferrous sulphate dissolved in warm water. 
The precipitate was then thoroughly washed with cold water, 
dried and ignited. 

The ferric oxide thus obtained was dissolved in hydrochloric 
acid, evaporated to dryness, and dried on a hot plate. The 
ferric chloride was treated with nitric acid and the solution 
evaporated twice. In this way all but a trace of the chloride 
was destroyed, 

Since in the ordinary determination of phosphorus in iron, 
potassium permanganate is added, as Dr. Drown says,* to insure 
the complete oxidation of the phosphorus to the orthophos- 
phorie acid, it seemed best to make sure that this treatment 
was not detrimental in the process to follow. Enough perman- 
ganate was therefore added in my experiments to distinctly 
color the already boiling solution of ferric nitrate, and then a 
little tartaric acid was used to clear the solution. 

As too much free acid prevents the full precipitation of the 
ammonium phospho-molybdate, the ferric nitrate solution was 
treated with ammonia until a precipitate or the ruby wine color 
appeared. Then dilute nitric acid was added until the color of 
the solution was a clear amber. Generally four or five grams 
of ferric oxide were used in each determination. 

The ferrie nitrate and phosphorus solutions, in volume not 
less than 150° nor more than 300°, were drawn into an ordi- 
nary 500° flask. The flask was heated on the steam bath to just 
85° C.—very carefully, since at higher temperatures there is 
danger of precipitating molybdic acid—and immediately 40° 
of the filtered ammonium molybdate solution were so added 
as to wash down the thermometer and the sides of the flask. 
The flask was corked, wrapped in a towel, and shaken for five 
minutes. The contents were filtered at once on an asbestus 
felt, and the precipitate washed three or. four times, first with 
a 10 per cent solution of nitric acid, and then with a1 per cent 
solution of potassium nitrate. 

If the nitric acid and potassium nitrate solutions wash the 


* Trans. Am. Inst. of Min. Eng., vol. xviii, p. 93. 
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flask and cork each time, it will do no harm if some of the 
precipitate still adheres to the sides of the flask ; for the flask, 
cork and crucible are all finally washed with ammonia. The 
asbestus felt was transferred to a 100° flask or narrow based 
Erlenmeyer. The precipitation flask and cork were thoroughly 
washed with a mixture of 5° of ammonia and 10° of water, 

and the washings were allowed to rinse the sides of the per- 
forated crucible—standing on a small funnel—and so to run 
into the 100° flask. Twenty- -five cubic centimeters of strong 
hydrochloric acid were added and, where the phosphorus does 
not exceed ‘0060 grm., 0°5 grm. of potassium iodide; but, 
where more than ‘0060 grm. of phosphorus is present, a little 
more potassium iodide is theoretically and practically needed. 
Experience has shown that the iodide present should not exceed 
the amount theoretically necessary by more than a half gram. 

The liquid was boiled down from a total volume of 40° to 
just 25°, a volume easily marked by two strips of paper pasted 
on opposite sides of the flask. If the solution is boiled far- 
ther, the molybdie acid is likely to be reduced beyond the 
degree of oxidation indicated by the symbol Mo,O,. The 
residue was neutralized with acid sodium carbonate, according 
to one or the other of the methods described below, and 
treated with an excess of standard iodine. 

For a trap to prevent loss during boiling, a 
two-bulbed drying tube was cut off an inch and 
a half below the largest bulb and this end fitted 
loosely into the neck of the flask, as shown in 
the accompanying figure. The addition of two 
or three little pieces of pumice stone, previously 
boiled in hydrochloric acid, insures quiet boiling. 

While still acid the reduced solution is not 
appreciably reoxidized in the air, but when once 
made alkaline it is very easily changed. There- 
fore great care must be taken either to have 
the iodine present before the solution is made alkaline; or 
else to stir up the solution as little as possible while adding the 
alkalies and to draw in the iodine solution immediately. 

The safer method is to put the reduced solution, with one 
gram of tartaric acid, to prevent the precipitation of the 
molybdenum, and an excess of the iodine solution, amounting 
to at least 8°, into a liter flask. This flask was fitted with a 
paraftined rubber stopper, carrying a funnel with a stop-cock 
for admitting slowly the acid sodium carbonate to effect neu- 
tralization, and a Will and Varrentrapp trap, filled with a solu- 
tion of potassium iodide, to catch the iodine thrown off during 
the effervescence. 
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The more convenient way, and after a little practice a ser- 
viceable method for rapid work, is to put the solution and the 
tartaric acid in a bottle, to add enough sodium hydroxide to 
nearly neutralize the free acid, and then to make the solution 
distinctly alkaline with an excess of acid sodium carbonate, 
tipping the flask to one side to prevent loss during the effer- 
vescence. The iodine solution must be drawn in immediately 
or atmospheric oxidation will take place and the error of the 
process be great. 

After either method of neutralization the iodine color in the 
solution should perceptibly fade within fifteen minutes; but 
for complete oxidation the corked bottle should be set aside, 
out of sunlight, for an hour and a haif, and then the excess of 
the iodine titrated with a standard solution of arsenious acid. 

Since there is a slight tendency on the part of the iodine, 
especially when the sodium hydroxide and the acid sodium car- 
bonate are used for neutralization, to form a little iodate, it is 
wise to acidulate the solution in each case slightly with dilute 
hydrochloric acid after the titration with the arsenic solution, 
and then to determine by sodium thiosulphate the trace of 
iodine which has taken the form of iodate. 

In the following table the absolute errors in terms of phos- 
phorus are given; and the percentage errors, between the phos- 
phorus taken and the phosphorus found, referred to 10 grams 
of material—the maximum amount of high grade iron or steel 
usually taken for analysis—are also added. 


Am’tofP Am’tofP 


taken. 
0 002727 
0°001812 
0:000909 
0°003508 
0 005454 
0°001818 
0:003636 
0:000909 
0:000363 
0008180 


found. 


0°002778 
0°001743 
0°000914 
0°003262 
0°005417 
0001861 
0003716 
0:000988 
0:000289 
0°008179 


Error on P. 


0°000051 + 
0 000069— 
0°000005 + 
0°000246— 
0°000037— 
0°000043 + 
0°000080 + 
0°000079 + 
0:000074— 
0°000001 — 


% Error of P. 
00005 ¢+ 
00007 
0°00005¢ + 
0:002 g— 
00003 
00004 4+ 
0°0008 4+ 
00007 4+ 
00007 


Neutralized by 


NaHCO; 
NaOH + NaHCO, 
NaOH+ NaHCO, 
NaOH + NaHCO; 
NaHCO; 
NaOH + NaHCO; 
NaHCO, 
NaHCO; 
NaOH + NaHCO; 
NaHCO; 


The error in IV is obviously high, and, in view of the results 


obtained in the former paper to which reference has been 
made, undoubtedly accidental ; but the result is inserted in the 
series because no reason was apparent for excluding it. 

In all of the experiments, with one exception, from four to 
five grams of pure iron oxide were introduced ; in experiment 
IX the amount was 2°5 grm. 

In the first nine experiments, 0°5 grm. of potassium iodide 
was used; in experiment X more was theoretically necessary 
and 0°75 grm. was added. 


I 
II 
IV 
vI 
VII 
Vill 
IX 
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The foregoing table shows that satisfactory results in the 
determination of phosphorus in iron can be obtained by pre- 
cipitating the ammonium phospho-molybdate according to the 
usual methods of iron analysis; then reducing the phospho- 
molybdate thus obtained with potassium iodide and hydro- 
chlorie acid ; neutralizing the residue with acid sodium carbon- 
ate, and reoxidizing with standard iodine. 

In conclusion, I wish to express my thanks to Professor 
Gooch for his help and friendly interest. 


Art. XXIII.—On the Reduction of Vanadic Acid by Hydrv- 
odic and Hydrobromic Acids, and the Volumetric Estima- 
mation of the same by titration in alkaline solution with 
lodine ; by Puttip E. Brownine. 


[Contributions from the Kent Chemical Laboratory of Yale University—LV.] 


THE reduction of vanadie acid from the condition of the 
pentoxide to that of the tetroxide by the action of hydriodic 
and hydrobromic acids has been applied to the volumetric de- 
termination of vanadium. Holverscheit* has shown that 
when a vanadate is treated with potassium bromide and strong 
hydrochloric acid, and the bromine liberated on boiling is 
passed into a solution of potassium iodide, the iodine set free 
and estimated shows the reduction to have gone to the condi- 
tion of the tetroxide. This method is said to yield most satis- 
factory results. 

Friedheim in a recent papert gives the method favorable 
comment, and shows also by a carefully made series of experi- 
ments that the pentoxide may be reduced to the tetroxide 
by boiling with potassium iodide and sulphuric acid, and, fur- 
ther, that the reduction may be carried even to the condition 
of the trioxide by substituting for the sulphuric acid strong 
hydrochloric acid. 

In both of the above mentioned methods the iodine liberated 
is conducted into a solution of potassium iodide and estimated 
in the usual manner. 

In a former papert I have shown that vanadic acid may be 
determined conveniently and rapidly by reducing it to the 
tetroxide by the action of tartaric acid and estimating it in the 
residue by direct oxidation with standard iodine after having 
cooled the solution and having made it alkaline with a bicar- 
bonate. The possibility of applying this method of oxidation 

* Dissertation, Berlin, 1890. 


+ Berichte d. d. chem. Gesell., xxviii, 2067 (1895). 
¢ Zeitschr. f. anorgan. Chem., vii, 158 (1894). 
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to the residue after the reduction with hydrobromic and hydri- 
odic acids led to the series of experiments which it is the pur- 
pose of this paper to describe. The advantages of the treat- 
ment of the residue are obvious and the general method has 
been applied in a number of methods previously developed in 
this laboratory. In the first place the complicated apparatus 
necessary for the distillation and collection of the bromine or 
iodine is unnecessary, an ordinary boiling flask or Erlenmeyer 
beaker being sufficient. In case the distillation process is pre- 
ferred, the residue may be treated by the method to be described 
as a control and the results by both processes allowed to check 
one another. 

For the work to be described solutions of ammonium vana- 
date were made and standardized by evaporating measured and 
weighed portions in a platinum crucible to dryness, and ignit- 
ing in the presence of a drop of nitric acid. 

The reduction with hydriodic acid was first tried ; the method 
in general was as follows: Measured and weighed portions of 
the vanadate solution were placed in the Erlenmeyer beakers, the 
amounts of potassium iodide indicated in the tables added from 
a ten per cent solution and finally 10°™* of a mixture of sulphuric 
acid and water in equal parts. The contents of the flask was 
then boiled until the fumes of iodine were no longer visible 
and the escaping steam gave no indication of free iodine with 
red litmus paper.* This point was reached when the volume 
of the liquid reached about 35°". If large amounts of potas- 
sium iodide were used the resulting color was green, owing to 
the presence of iodine, dissolved in hydriodic acid, with the blue 
tetroxide of vanadium; if smaller amounts of the iodide were 
used the resulting color was blue. The flasks were then re- 
moved from the flame and the contents nearly neutralized by the 
addition of a solution of potassium of sodium hydroxide,+ cooled, 
and the neutralization completed with potassium bicarbonate 
in excess; care being taken to add a few drops of a tartaric 
acid solution to prevent the precipitation of the tetroxide. To 
the cooled solution a solution of iodine in potassium iodide was 
added in slight excess. This point can be quite easily deter- 
mined, as the iodine is bleached rapidly if the solution is allowed 
to mix thoroughly as it is drawn from the burette into the 
flask. After the addition of a distinct excess of the iodine the 
flask should be closed with a cork coated with paraffin and 
allowed to stand about one-half hour. It will be noticed that 

* Gooch and Mar, this Journal, xxxix, p. 300. 

The potassium or sodium hydroxide for this work must be free from alcohol, 
as the solution is allowed to stand with iodine after neutralization. It was prepared 
by mixing potassium or sodium carbonate in proper proportions with calcium 
oxide and filtering off the calcium carbonate. 
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at the end of about fifteen minutes the iodine has ceased to 
bleach, showing the oxidation to be complete. I have gener- 
ally allowed the flasks to stand a few minutes longer to be sure 
of a complete oxidation. The excess of iodine is then destroyed 
by standard arsenious acid solution, against which the iodine 
has been previously standardized, starch added and the color 
brought back with a few drops of iodine. The amount of 
arsenious acid solution used for the bleaching of the iodine, in 
terms of iodine subtracted from the whole amount of iodine used, 
- the amount of iodine necessary to oxidize the vanadium 
rom the condition of tetroxide to that of pentoxide. The 
results follow in the table. 


Amount 
V.,0; taken. found. Error. Amount KI. H,SO,('7!) 

grm. grm. grm. grm. em?, 

(1) 0°1699 0°1690 0:0009 — l 10 
(2) 0°1704 0°1699 00005 — l 10 
(3) 0°1706 0°1700 00006 — 10 
(4) 071702 0°1692 0°0010— 1 10 
(5) 0°3613 0°3620 0°0007 + 1°5 10 
(6) 0°1805 0°1803 00002 — l 10 
(7) 0°3614 0°3620 0°0006 + 1°5 10 
(8) 01811 0°1814 0°0003 + l 10 
(9) 0°1807 0°1815 0°0008 + 10 
(10) 0°3613 0°3620 0°0007 + 15 10 
(11) 0°3679 0°3674 0°0005 — 15 10 
(12) 0°3612 03608 0:0004— 1°5 10 
(13) 0°2893 0°2907 0°0014— 1°5 10 
(14) 0°3456 0°3448 0°0008 — 1°5 10 
(15) 03453 0°3448 0°0005 — 10 
(16) 0°3907 0°3912 0°0005 + 2 10 
(17) 0°3908 03868 0°0010— 1 10 
(18) 0°3906 0°3921 0°0015 + 2 10 
(19) 0°3909 0°3912 00003 + 15 10 


The results are on the whole satisfactory, the average error 
of all the determinations being less than 0°0002—. It will be 
noticed that large amounts of potassium iodide tend to give 
plus errors, probably due to the tendency of the hydriodic acid 
to hold iodine. 

The action of the hydrobromic acid was tried in exactly the 
same manner. It was found that when the residual volume of 
the liquid in the flask reached 25° the blue color appeared, 
and the absence of free bromine was proved by holding a paper 
moistened with potassium iodide in the steam. If the boiling 
is not carried to the point indicated, where the blue color 
appears, the results come low, showing incomplete reduction. 

he results follow in the table. 
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Amount 
V.O; taken. V.O, found. Error. Amount KBr. H,S0O,('~1) 
grm. grm. grm. grm. 
(1) 0°1890 0°1876 0°0014— 1 10 
(2) 0°1886 0°1886 0°0000 + 2 10 
(3) 071885 0°1882 0°0003 — 1 10 
(4) 071885 0°1886 0°0001 + 1°5 10 
(5) 0°1881 0°1873 0°0008 — 1°5 10 
(6) 0°1886 0°1882 0:0004 — 10 
(7) 0°3907 0°3894 0°0013— 2 10 
(8) 0°3907 0°3903 0°0004— 2 10 
(9) 0°3907 0°3894 0°0013— 2 10 
(10) 0°3909 0°3889 0°0020— 2 10 
(11) 0°3911 0°3903 0°:0008 — 1°5 10 
(12) 0°3902 0°3900 0:0002 — 2°5 10 
Average error of series = 0°0007—. 
May, 1896. 


Art. XXIV.—The Bearpaw Mountains of Montana. Sec- 
ond Paper, (Part IL.);* by WatteR Harvey WEED 


and Louis V. Pirsson. 


THROUGHOUT the Bearpaw Mountains dikes of igneous rock 
are often seen, and in certain localities they form conspicuous 
features of the mountain slopes, weathering out as bold walls 
of rock; frequently, however, the ready weathering of a 
minette-like rock, of common occurrence in the mountains, 
makes the recognition of such dikes difficult, except where 
contact walls of hardened shale stand in relief, or the course 
of the dike is marked by an unusually luxuriant growth of 

rass. 

About the Wind Butte intrusive stock the dikes possess a 
radial disposition, and may be seen extending across country 
for several miles. Elsewhere the observations were not com- 
plete enough to warrant the statement that the dikes radiate 
from igneous centers, though this seems to be the case about 
the stock exposed on upper Beaver Creek. 

Most of the dikes observed were found cutting sedimentary 
beds which they have indurated and altered near the contact, 
but in a few instances the dikes are in the extrusive breccias, 
and at Beaver Creek a tinguaite dike cuts the granular igneous 
rock of the stock. 


* Published by authority of the Director of the United States Geological 
Survey. 


i 
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The rock types represented include syenite porphyry, “ leu- 
cite” basalt (this rock also occurring as extrusive flows and 
breccias), tinguaites in considerable variety, and micaceous 
rocks that are probably to be classed as minettes. The first 
two types do not need especial mention. They were seen on 
Beaver Creek and in various other parts of the mountains. 

The minette-like dikes were observed at many of the points 
visited ; they occur in abundance about the Wind Butte stock 
and on Beaver Creek. 


Tinguaite Dikes. 


The tinguaites form the most striking and characteristic 
rock of the mountains. The term is used for those dense 
rocks, whether porphyritic or not, which are composed chiefly 
of alkali feldspars, and carry such large amounts of egirite in 
the fine-grained groundmass that they have a pronounced 
greenish color, and megascopic habit that furnishes a useful 
characteristic for discrimination.* These rocks form the 
most conspicuous feature of the drift both within and about 
the mountains, their bright green color, large white feldspar 
crystals, and the glassy polish which the surface assumes upon 
weathering, making them appear in striking contrast to the 
other rocks with their dark tones of color. These tinguaitic 
rocks are not, however, of as frequent occurrence as the wide- 
spread abundance of the drift would indicate, as the rock is 
very tough and resistant, and resists disintegrating agencies 
better than any other rock type of the mountains. 

East of the Wind Creek stock the high ridges forming the 
divide between the People’s Creek basin and the headwaters 
of Bean and Snake creeks show a swarm of tinguaite dikes, 
forming walls which are conspicuous features of the grassy 
ridges and extending eastward to the main road. 

Tinguaite porphyry.—On the high ridge running east from 
Wind Butte, some twelve or more nearly parallel dikes of this 
rock were observed. The rock seldom forms continuous walls, 
though it is very hard, tough and resistant, rings sonorously 
under the hammer, and is broken with great difficulty. It is 
jointed, and breaks in large cubicalse blocks. The shales and 
sandstone beds are highly altered in the space between the 
dikes. A decomposed brownish feldspathic rock appears to be 
a frequent accompaniment. The dikes vary from a few feet 
to 12 feet in width. At the contact the rock is dense and 
without the large porphyritie crystals which are so conspicu- 
ous in the main mass of the dike,—a most important feature, as 


* This Journal, vol. 1, 1895, p. 399. 
Am. Jour. Sct.—FourtH Series, Vou. II, No. 9.—SEPTEMBER, 1896. 
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it shows that they were formed in place, as noted later, and 
are not of intratellurie origin. 

In the hand specimen the rock has a strong green color of a 
grayish tint on fresh fracture, and has a pronounced spotted 
appearance, — to the great number of large feldspar pheno- 
erysts with which the dark groundmass is thickly crowded. 
These feldspar phenocrysts are of a very pale gray color or 
white, are usually quite idiomorphic, and generally show ashort, 
thick tabular habit ; in size they vary from 5 to 15™™ in length 
by half that in breadth. They are often single, sometimes 
grouped; some are simple individuals, others are carlsbad 
twins. While usually more or less opaque, they are often 
clear, glassy, and of sanidine habit. They have excellent 
cleavages, that parallel to e(001) being very perfect. 

The green groundmass examined with the lens is seen to 
be full of small glittering black augite prisms rarely more 
than 1" long; these can be frequently seen lying in the feld- 
spar phenocrysts. The base in which these lie cannot be 
resolved by the lens, but is evidently crystalline and of a dark 
green color with a dull, greasy luster. An occasional speck of 
yellow chalcopyrite and of a resinous brown mineral, which is 
thought to be titanite, completes the list of minerals which are 
megascopically visible. 

Microscopically the minerals seen are apatite, wgirite, 
augite, alkali feldspar, nephelite, cancrinite, a little sodalite, 
and a doubtful fibrous hornblende. 

The pyrowenes are very peculiar. They consist largely of 
wegirite-augite and egirite; instead of wgirite forming an 
exterior mantle, as is usually the case where these two occur 
together, there are alternate zonal bands and patches of deep 
green material and paler yellowish green, as if the formation 
of the egirite molecule had varied in amount from time to 
time. Another striking peculiarity of these augites consists 
in the fact that they generally contain interior cores of a per- 
fectly colorless pyroxene-like mineral. In no case is there a 
gradual transition from the colorless core to the green egirite ; 
the line of juncture is perfectly sharp and well-defined. The 
cores also have jagged irregular outlines, and are not of one 
piece but consist of wwalies of irregular strips, staves and 
kernels, which vary in their optical orientation, and around 
these colorless masses the deep green sgirite has grown, filling 
their interspaces and completing the crystal form. The min- 
eral has a prismatic habit, two cleavages at nearly 90° ; like 
pyroxene, both the refraction and birefraction are high. In 
the length section, which is also that of the compound pyrox- 
ene, the strips extinguish nearly parallel; in cross sections the 
extinction cuts the cleavages at an angle. . The vertical axis is 
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the acute bisectrix and isc; the angle of the optic axes is 
rather small, 2E = 75° — 80° as nearly as could be measured 
with a micrometer ocular with movable thread ; in this case 
the plane of the optic axes was 15° from one of the prismatic 
cleavages; the bisectrix was not exactly centered. What the 
exact nature of these pyroxene-like cores is, must be largely 
a matter of conjecture; the analysis and the calculated min- 
eral composition derived from it seem to indicate clearly that 
they are a diopside-like product. 

The large phenocrysts of feldspar are orthoclase or rather 
sanidine in some cases. They have an excellent cleavage par- 
allel to c(001), a less perfect one parallel to (010). The angle 
2E was measured about 80° with a micrometer ocular ; the 
measurement is approximate, as the bisectrix was not perfectly 
centered. The extinction on c(001) appears rigidly parallel to 
the trace of 5(010); on 5(010) it is 7°. These were deter- 
mined on cleavage fragments. In thin section it appears per- 
fectly fresh, homogeneous and uniform. It contains quanti- 
ties of sgirite microlites as inclusions, and it is noticeable 
that numbers of the feldspars have an interior wreath or shell 
of these sgirites, as if marking a definite period of renewed 
growth. 

Another peculiarity is that the egirite prisms of all sizes 
lying outside of these feldspars are all arranged parallel to the 
sides of the feldspar and form a sort of coating or mantle 
around them. They appear exactly as if, having been already 
present, the growing and expanding feldspars had pushed 
them along, exactly as a heap of scattered straws lying on a 
table would be arranged in parallel position if swept to one 
side by a book. That this # soecenall se is not due to fluidal 
movements of the molten rock is clearly shown by the fact 
that the egirite prisms surround all the faces of the feldspar 
in this way, and by the further fact that the flattened tablets 
of feldspar themselves lie unoriented, scattered in all positions 
in the rock. It thus really appears that these large pheno- 
erysts are of later origin than the greater number of the 
augites, though the latter are so nal smaller, thus agreeing 
with the megascopical characters previously mentioned. 

The groundmass is composed of the same minerals, with the 
addition of formless grains of fresh nephelite and an occasional 
one of sodalite and cancrinite. There is, indeed, no sharp line 
of division, and the size of the components grades from the 
largest to the smallest; the egirite eventually sinks to 
extremely fine slender microlites; it occurs only in the form 
of slender prisms. In some cases the egirites of largest size 
appear to be altered to a finely fibrous aggregate of a deep 
green color; whether this is still sgirite or a fine hornblende 
cannot be certainly told. 


| 
f 
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The chemical composition of this interesting rock is shown 
in the following analysis by Dr. H. N. Stokes, given in No. I. 


I. II. ini. IV. 
57°46 57°63 56°58 54°46 
Al1,O, 15°40 17°53 19°89 19°96 
4°87 3°46 3°18 2°34 
1°37 29 13 ‘61 
2°59 1°38 1°10 219 
Na,O 5°48 5°80 10°72 8°68 
9°44 9°16 5°43 2°76 
H'0+110° ...... t 3°22 1°7 
60 "23 ? trace 
21 trace ? ? 
trace trace 47 trace 
‘60 not det. 
trace 
é 100°42 99°86 99°83 99°46 
100°37 99°83 


I. Tinguaite dike from head of Bean Creek, Bearpaw Moun- 
tains, Montana. H. N. Stokes anal. 

II. Tinguaite dike from Cone Butte, Judith Mountains, Mon- 
tana. L. V. Pirsson anal. 

III. Tinguaite dike from Hedrum, South Norway (Brégger 
Grorudit-Tinguait Serie, p. 113). G. Paykull anal. 

IV. Tinguaite dike, Njurjawpachk Umptek Kola (Ramsay & 
Hackmann, Neph. Syen. Gebiet Kola Fennia, II. No. 2, 1894, 
p. 158). K. Kjellin anal. 


The marked feature of this analysis is the preponderance of 
potash over soda; in this respect the rock differs markedly 
from similar types investigated elsewhere, as may be seen by 
comparison with the other analyses given. 

The only rock that we can compare with it is that of a dike 
of tinguaite from Cone Butte in the Judith Mountains, another 
of the outlying mountain groups of central Montana; the 
specimen was collected and briefly described by E. S. Dana.* 


* Rep. Reconnaissance Carroll, Montana, to Yellowstone Park in 1875, Wm. 
Ludlow, War Dept. Washington, 1876, p. 105. 
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We owe the opportunity of examining and analyzing it to the 
kindness of Professor Dana, and we hope to give a full account 
of it at another time in connection with a description of the 
geology and petrography of these mountains; the analysis 
introduced here for comparison shows a remarkable similarity 
in the relations of the alkalies, a regional peculiarity. They 
are potash tinguaites. 

It might have been expected that in a rock containing such 
a high potash percentage, leucite would have formed ; it does 
not, however, occur, and all of this potash is present as the 
orthoclase molecule, which explains clearly the sanidine-like 
feldspars. 

The amount of lime and magnesia is somewhat higher than 
these rocks usually contain; it is all present as the diopside 
molecule, as shown below. 

If we take the chief rock-making oxides shown in the anal- 

sis reduced to 100 per cent, with the molecular proportions 
they yield, these ratios will furnish the table of mineral mole- 
cules given below, and the chemical composition of a rock so 
composed is shown in the calculated theory. It will be noticed 
that there are no differences except in the case of the soda, 
which shows that the calculated composition agrees correctly 


Found. Molec. Cale. Mineral Composition. 
Ratio. 
SiO, 58°94 "9823 58°98 Diopside Ca(Mg Fe)Si,O, 20°6 
Al,O 15°80 "1534 15°80 Aigirite NaFe Si,O 13°6 


3 6 


5°00 0312 5°00 Orthoclase KAI Si,O, 44°4 


FeO ‘89 ~=Albite Na Al Si,O, 12°1 
MgO 1°41 0352 1°41 Nephelite Na Al SiO, 9°3 
CaO 2°66 ‘0475 2°66 
Na,O 5°62 5°01 Total 100°0 
K,O 968 1024 9°68 


with everything in the analysis except with this element, 
which is a little too high; this is because the small amount of 
soda which goes with the carbon dioxide to form cancrinite 
and with the chlorine to form sodalite has not been deducted ; 
it is just sufficient to satisfy them. 

It appears at first peculiar that a rock containing so much 
soda should have so little of the albite molecule present ; this is 
a result of the fact that a large amount had been exhausted by 
the production of egirite before the feldspars commenced 
forming, as we have shown above; later the amount of silica 
was so low that nephelite was forced to form. Probably a 
little of the potash is with the neplielite and the amount of 
albite is somewhat higher, but this will make no essential 
difference. It will be noticed in the molecular ratios that the 
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lime, magnesia, and ferrous iron are exactly balanced for the 
pyroxene molecule, which is here called diopside. 

Quartz-tinguaite-porphyry.— West of the Wind Butte core 
the hardened shales of the contact zone are cut by numerous 
dikes. Several of these consist of a minette-like type which 
disintegrates rapidly, so that the presence of the dike can only 
be recognized by the nature of the soil. Prospect pits have 
been sunk upon a dike of this micaceous rock, which is locally 
decomposed, of a white or yellowish or rusty color, and is said 
by miners to have an assay value of $4 per ton. The other 
dikes are green porphyritic tinguaitic rocks of varying types. 
The usual variety is a guartze-tinguaite-porphyry. A fresh 
fracture shows a dense tough groundmass of a clear light- 
green color, in which are imbedded small square phenocrysts 
of white feldspar. The latter are equidimensional and average 
1 to 2™™ in diameter; they are so thickly crowded that there 
appears almost as much feldspar as groundmass. A few of 
them are much larger than the average and are of tabular 
habit. With the lens a very few, minute, black augites can be 
seen in the groundmass. 

The study of the thin section shows the rock to be of very 
simple composition, soda-orthoclase and egirite-augite pheno- 
erysts lying in a groundmass of alkali feldspar, quartz, and 
eegirite microlites. The feldspar phenocrysts have the mottled 
moiré appearance and the albite microlites as inclusions 
described in detail in our former paper under the syenite- 
porphyry of Gray Butte; they have been studied, but demand 
no further notice. The egirite-augite phenocrysts are rather 
deficient in the sgirite molecule, otherwise they are of the 
usual type. The groundmass, which is of extremely fine grain, 
is thoroughly allotriomorphic in structure and the amount of 
quartz is considerable; the sgirite is scattered through it in 
such great quantities, as slender needle-like microlites, that the 
section has a mossy appearance. ° 

The rock in thin section very closely resembles the gro- 
rudite of Brégger from Grorud, only that the groundmass hasa 
greater degree of granularity. The occurrence of these quartz- 
tinguaites in the Bearpaw mountains we have already indicated, 
and one of them has been described.* The rock here men- 
tioned is closely similar to the one previously described, only 
that in the former specimen the feldspars are uniformly larger 
and more tabular in their habit. 

Pseudo-leucite-sodalite-tinguaite.— About ahalf mile beyond 
the southern boundary of the Beaver Creek stock a dike of 
peculiar bright green rock was observed cutting the altered 


* This Jour., vol. 1, p. 394, 1895. 
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sedimentary strata. This dike appears at intervals asa wall, 
standing in relief above the slopes beneath the great cliffs east 
of the stream. On the west it forms a conspicuous reef in the 
slope immediately above the creek bottom, but was not seen 
beyond. The dike is 5 feet wide and cuts rusty, massively 
fracturing hornstones that belong to the contact zone and dip 
at 15° up stream. The dike crosses the creek at right angles, 
but trends toward the stock. The western exposure forms a 
flat-topped wall that is but a few hundred feet long, shown in 
the accompanying sketch (fig. 3) in which the tilted sediment- 
ary beds are seen to the left of the dike. 


Fig. 3. Dike of Tinguaite on Beaver Creek, Bearpaw Mts. 


The dike has a nearly vertical contact, but sends a little 
stringer out into the shale, as shown in fig. 4. At the con- 
tact the shales are highly altered for a few inches. 

The dike consists of a bright green porphyritic rock of 
quite unusual character. It is a pseudo-leucite sodalite tin- 
guaite. The specimen and section show that this is the rock 
which has already been described by us* from a drift pebble 
collected on the Missouri River. The specimens and sections 
are so absolutely identical, and the peculiarities of the type so 


* This Jour., vol. 1, p. 394, 1895. 
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marked, that there cannot be a possibility of doubt upon this 
point. It consists of large, white, well-formed pseudo-leu- 
cites and smaller, white or pinkish sodalites and noseans 
thickly crowded in a dense, dark green groundmass. An 
occasional augite or feldspar phenocryst is also seen. The 
microscope shows the pseudo-leucites so be made up of alkali- 
feldspar and nephelite. The groundmass is composed of 
alkali-feldspar, nephelite, and egirite needles. For further 
details the reader is referred to the former paper. A more 
detailed study of the feldspars shows them probably to be 
soda orthoclases or anorthoclase. They have, moreover, the 
watered, wavy, moiré appearance which has been found to be 
so characteristic a microstructure in the alkali feldspars of 
these rocks, and which is in reality a very useful diagnostic 
character. 

The same rare minerals of unknown character are also pres- 
ent in the new material. 

A complete analysis of this interesting type, by Dr. H. N. 
Stokes, is given in No. I. 


3. IT. Ta. 
51°93 52°91 "8655 
20°29 19°49 ‘1970 
3°59 4°78 “0224 
1°20 2°05 
1°65 2°47 0294 
O66 7°13 *1367 
7°88 ‘1041 
° 
10 ) 1'19 
.O+110° ..... 99 
20 none 0020 
"25 none 0057 
87 *48 0142 
«434 52 ‘0070 
"06 trace 
trace 44 
07 09 
09 
trace 
100°58 100°25 
F1 . 27 12 
100°31 100°13 


I. Leucite tinguaite, Beaver Creek, Bearpaw Mountains, Mon- 
tana. H. N. Stokes anal. 
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II. Leucite tinguaite, Magnet Cove, Arkansas. J. F. Wil- 
liams anal. (Igneous Rocks of Ark., Ann. Rep., 1890, vol. ii, p. 
287.) 

Ia. Molecular proportions of No. I. 


The interesting feature of this analysis is the rather low 
silica and great quantities of alkalies. A consideration of the 
molecular proportions shows that there is considerably more 
than enough to furnish the proportion R,O: R,O,=1: 1, and 
this excess is, of course, due to the presence of the sodalite, 
which forms 10 per eent. of the total weight of the rock. 
The sulphuric anhydride proves that the nosean molecule is 
certainly present and forms about 4°3 per cent of the rock. 
The minerals being fresh, clear, and colorless, it is impossible 
to tell it from sodalite in the section. The minute amount of 
phosphoric anhydride shows that the fluorine is to be referred 
to the fluorite present; after deducting enough lime for this 
small amount of fluorite, the remainder exactly balances the 
lime and magnesia and is present as the diopside molecule. 
Hence the feldspars are entirely alkaline. After deducting 
enough soda to turn the ferric iron into egirite and to satisfy 
the acid radicals, other than silica, which are present, a consid- 
eration of the remaining molecular proportions shows clearly 
that the orthoclase molecule is by far the dominating feldspar 
present, the soda being mostly taken up by nephelite and 
sodalite. 

Taking these facts into consideration and regarding the 
nosean as a pure soda compound, the following calculation has 
been made of the proportion of the various mineral molecules 
present : 


Diopside Ca(Mg,Fe)Si,O, 5°4 
Agirite NaFeSi,O, 9°2 
Sodalite Na,Al,Si,O,,NaCl 9°8 
Nosean Na,AlSi,O, ,.Na,SO, 4:2 
Nephelite NaAlsiO, 16°2 
Orthoclase KAISi,O, 54°5 
Fluorite CaF, 7 

100°0 


This, of course, is approximate, as a small portion of the pot- 
ash is probably present with the soda in the nephelite, while 
conversely the feldspar, as already stated, contains some soda. 
Relatively the-amounts given in the table may be taken as 
indicating closely the average composition of the rock. 

For comparison we have introduced the analysis of a similar 
type of rock from Arkansas, and it will be seen that on the 
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whole the agreement is very satisfactory; the Arkansas type 
does not contain so much sodalite and it does not in conse- 
quence contain so much alkali. An analysis of the Brazilian 
rock containing pseudo-leucites described by Graeff* and 
Hussak,+ we have not been able to find. 

In examining the face of the dike carefully the pseudo- 
leucite phenocrysts are seen to present the distribution indi- 
cated in the accompanying diagram (fig. 4). In the main 
body of the dike these crystals occur somewhat abundantly 
scattered through the rock, but about 3 inches from the actual 
contact there is a band running parallel to the contact plane 

and from 4 to 6 inches wide, in which 
the rock shows no leucite phenocrysts. 
Outside of these bands, which occur on 
both sides of the dike, the rock for 2 
to 3 inches from the contact is quite 
like that of the main body of the dike, 
and the leucite phenocrysts occur per- 
haps somewhat more abundantly, even 
at the very contact surface itself. The 
rock forming the dense band just noted 
is quite like that of the main mass of 
the dike, except for the absence of 
the pseudo-leucites. The thin section 
shows sodalites of very idiomorphic 
+ fet form, and the groundmass the same 

Fig. 4. Cross-section of mossy appearance from the innumera- 
contact of tinguaite dike and ble fine needles of wegirite. The con- 
pon need Bison tact of the dike with the shales shows 

that the pseudo-leucites and sodalites 
occur up to the very plane of contact and of the same size as 
in the main ‘portion of the dike. The groundmass in which 
they lie has, however, at the contact a very different character 
from the main type, and this would seem to indicate clearly 
that these phenocrysts were of intratelluric formation and had 
been brought up in the ascending magma. The groundmass 
appears with low powers of a uniform olive-green color, and 
does not act upon polarized light. With the highest powers 
it appears full of tiny shreds, fibers, and scales of almost sub- 
microscopic fineness ; they do not appear to react on light, and 
the base seems most probably here composed of glass and filled 
with globulitic bodies recalling the much disputed microfel- 
site. Scattered through this are many minute sodalites, with 
numbers of the large-sized ones. The pseudo-leucite seen in 
the section shows so well the radial arrangement of the feld- 


* Jahrb. fiir Min. 1887, vol. ii, p. 257. 
+ Ibid 1890, vol. i, p. 167. , 
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spars around some object, with the palisade structure around 
the edge, that we have thought best to give a drawing of it 
(fig. 5), which shows also the character of the rock in a dia- 
grammatic way; one pseudo-leucite is shown, with a number 
of sodalites and a prism or two of augite lying in the dark 
mottled base with the contact with the altered shale. 


Fig. 5. Contact of altered shale and tinguaite. 


The shale at the contact is altered to a dense, black, tough 
hornstone. In the section it is found composed mostly of sub- 
angular fragments of quartz but with other fine mineral parti- 
cles present and mostly of an indeterminate nature; much of it 
appears like masses of kaolin leaves, seen in an altered feld- 
spar; in other pieces the grain is coarser and the rock is com- 
posed mainly of quartz grains and particles of a pleochroic 
brown mica. As is so often the case, there appears to be some 
alteration directly at the contact, where the minerals are not 
as fresh as further out in the dike. In addition to the varie- 
ties of tinguaites described, a few others were collected from 
the local drift of the mountains. 

The result of the study of the geology and rocks of this 
hitherto unknown mountain group, of which only a rapid 
reconnaissance has been made, presented in this series of arti- 
cles, shows the region to be one of peculiarly great interest to 
the student of volcanic geology and the petrographer. We 
may confidently expect that our future mapping and detailed 
study of the district will afford a rich harvest of facts impor- 
tant to the science of the petrology of igneous rocks. 


Washington and New Haven, April, : 896. 
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Art. XXV.—ZJs the land around Hudson Bay at present 
rising? by J. Burr TYRRELL, of the Geological Survey of 


Canada. 


In the March number of this Journal, Dr. Robert Bell has a 
paper entitled “ Proofs of the rising of the land around Hud- 
son Bay,” in which he criticises a statement made by me in the 
Geological Magazine for September, 1894, “that at Fort 
Churehill the land and sea have reached conditions of compar- 
ative equilibrium,” and in which he endeavours to prove that 
“the elevation (of the land) is still going on,” and to 
strengthen the statements in his “ various official reports on 
the geology of those regions from 1875 to 1886,” which are 
“that the waters of Hudson’s Bay are receding between 5 
and 10 feet in a century,”* and particularly “ that the relative 
level of the sea and land in this vicinity (Port Churchill) is 
changing at the rate of about 7 feet in a century.” + 

As my previous paper was rather a brief statement of re- 
sults, published in advance of an official report, than a full 
account of post-glacial and recent phenomena at Churchill, it 
may be interesting to consider, a little more in detail, some 
observations which seem to me to bear on the question of the 
ogee rising or stability of the land to the west of Hudson 

ay. 

That there has been an elevation of the land of several hun- 
dred feet in post-glacial times is just as clearly apparent on the 
shores of Hudson Bay as it is in the valley of the St. Lawrence 
River, and the evidences in favor of that elevation will not 
here be discussed. 

Fort Churchill, situated near the mouth of Churchill River, 
which flows into the west side of Hudson Bay in north lati- 
tude 58° 47’, has been occupied as a trading port of the Hud- 
son Bay Company for 180 years, and it is reasonable to expect 
to find here some evidence of the relative position of land and 
sea a reasonably long time ago. 

In 1733 the Hudson Bay Company began building the mas- 
sive stone fortification, which they called Fort Prince of Wales, 
on the summit of the low point west of the entrance to 
Churchill River. It is 250 feet square between the angles of 
the bastions, and its stone walls are 42 feet thick. It is sur- 
rounded by a gravel-covered terrace, and the base of its walls 
are now 17 feet above ordinary spring tides, and 6 feet above 
the top of the shingle beach that is now regularly washed by 


* Rep. of Prog. Geol. Sur. Can., 1877-78, pp. 25 CC. and 33 C. 
+ Ibid., 1878-79, p. 21 C. . 
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the storm waves at high tide. Had the land in 1733 been 11 
feet lower than it is at present, storm waves at the ordinary 
flood tides would have regularly washed over the point, and it 
is not likely that a structure of any kind would have then been 
built. 

In his account of Hudson Bay, published in 1744, Sir Arthur 
Dobbs, a man who has made himself very well acquainted with 
the geography of Hudson’s Bay, states that Fort Prince of 
Wales is built “upon an eminence 40 feet high,” * a per- 
fectly natural exaggeration for a man looking at the fort in its 
present position, 25 feet above mean tide level, but hardly 
intelligible if the land was 10 or 11 feet lower than at present, 
and the fort was but 15 feet above mean tide, and less than 
8 feet above the top of spring tide. 

For several years between 1733 and 1747 Joseph Robson, 
an engineer, was stationed at Churchill to superintend the 
building of this fort. About 1746 he made a survey of the 
river for 10 miles up from its mouth, drafting a map which 
was published by him in 1752.+ This map, of which a reduced 
copy is shown on page 202, shows the river at high and low 
water, and the rocks and low marshy ground around it. The 
conditions here shown are just such as exist at the present 
time. The Mission House is now where Old Fort is marked 
on the map, and the Hudson Bay Company's fur-trading post 
is a few hundred yards farther towards the southwest. A 
gently sloping strong flat, dry at low water, extends out for 
about a mile to the low water channel, and low marshy ground, 
but slightly above the level of high water, extends back from 
high water mark. If the land had been even a few feet lower 
in 1746 then it is at present, much of the marshy ground west 
and southwest of the lagoon would have been covered with 
water at high tide, while if it had been 10 feet lower the low 
water mark would have been close to the foot of the “ High 
Rocks” north of the Old Fort, and only a couple of hundred 
yards out from the shore opposite the present fur-trading post. 

On the same map the promontory on which Fort Prince of 
Wales is built is shown connected by a narrow neck of land to 
the main shore, and not as an island as stated by Dr. Bell, and 
as this was doubtless the low rough rocky neck which in the 
same place still rises a very few feet above the water, it seems 
to have been necessary to build a bridge or causeway over 
which stones for the fort could be hauled. The place of this 
bridge, which seems to have crossed the head of the bay south 


* An account of the Countries adjoining to Hudson’s Bay, by Arthur Dobbs, 
Esq., London, 1744, p. 55. 

+ An account of six years residence in Hudson’s Bay, by Joseph Robson, Lon- 
don, 1762. 
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of the narrow neck marked on the map, has since been taken 
by a sandy bar built along the bank of the river by the cur- 
rents caused by the ebb and flow of the tide. 
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Sloops Cove is a little bay on the west side of the river, two 
miles above Old Fort Prince of Wales. It was so called from 
having been the wintering harbor of the small sloops kept here 
during the 18th century for the purpose of trading with the 
Eskimo to the north. The cove is 100 paces long and 50 paces 
wide, and on each side are smooth well-glaciated rocks of green 
arkose, rising, at first steeply, and afterwards more gently, to 
about 25 feet above high water mark. At the back is a grass- 
covered bar of sand and gravel 8 feet high, between the two 
rocky hills, and separating the cove from a wide flat still cov- 
ered with water at high tide as it was in 1746. The bottom of 
the cove, almost up to high tide level, is composed of a fine 
soft silt brought in by the river. Across its mouth is a gravel 
bar through which project two low bosses of rock. Between 
these the water now drains out of the cove as the tide recedes, 
leaving it dry at low tide, and not “ full of water” as stated by 
Dr. Bell. North of these bosses is a larger gap which has 
been blocked by a dam of pieces of timber and large masses of 
rock, many of which have been blasted from some place in the 
vicinity, perhaps from south of the knolls, where the gravel 
bar has since been formed. Outside the mouth of the cove 
Robson’s map shows the low water mark a quarter of a mile 
distant. When seen by the writer in 1894 the low water mark 


did not seem to be so far out. 
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It is difficult to understand Dr. Bell’s statement that Sloops 
Cove is “a small elliptical pond (?) connecting with the lagoon 
by a very narrow entrance, through which the water barely 
passes at high tide,” for in the gap at the mouth of the cove 
there are now four feet of water at the top of spring tide, but it 
is quite probable that before the dam was built and the gravel 
bar was formed the entrance may have been considerably 
deeper. Robson’s map does not show the gravel bar at either 
end, and if they did not exist in 1746 the fine soft silt that now 
forms the bottom would not have been there either, for the 
tide rushing through the gap would have scoured it down to 
the hard till or rock. Perhaps the building of the dam at the 
mouth of the cove, preventing this tidal scour, has been the 
chief reason why it has since silted up. 

It is difficult to find a good wintering place for a small 
eraft in Churchill harbor, as the ice may shift and break the 
anchor chains and moorings, and carry the ship on the top of 
large boulders; and since such a ship would be perfectly safe 
when once it had been floated into Sloops Cove, considerable 
exertion would doubtless be made to get it there. In addition 
to the sloops of the Hudson Bay Company, local tradition has 
it that the Furnace and Discovery, two small ships sent to 
look for the northwest passage, here spent the winter of 1741- 
42, and the words Furnace & Discovery 1741 cut in the 
face of the smooth rock on the north side of the cove, would 
indicate that this tradition is correct. The Furnace, the larg- 
est of these two vessels, is said by Forster to have been a 
“sloop or bombketch” and probably had a draft of about 
eight or nine feet, which, in such a wide craft, could be light- 
ened to six feet or less. That they were able to take the ships 
into and out of dock at high tide only is clearly shown by 
Robson’s map, and also by the statement of Captain Middleton 
of the Furnace, that they on “June 9th and 10th (spring tide 
after the full moon of June 6th, old style) got the ship out of 
the dock and moored her.” * 

If the deepest part of the mouth of the cove can now be 
seen, and if the ships required six feet of water to float them 
into it, there would here be evidence of the rise of the land to 
the extent of two feet in the last century and a half, but, as 
neither of these two points is certain, the evidence is hardly 
worth considering at present. 

On the rocky walls of the cove, planed smooth by a glacier 
from the southwest, many names have been engraved, and now 
appear as fresh as if cut but yesterday. Among these the one 
of greatest historic interest is that of S/. Hearne, the discov- 
erer of the Coppermine River, who, on Wednesday, July ye J, 


* Dobbs’ Hudson Bay, p. 17. 
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1767, two years before he started on his memorable journey 
to the Northern Ocean, appears to have sat here with hammer 
and chisel, beguiling the long hours of his tedious solitude by 
engraving his name among many others on this lonely promon- 
tory. But other names are of more interest in connection with 
the question of the rise or fall of the land. 

During the winter the bottom of the cove becomes filled 
with ice, up to the level of the top of the highest spring tide of 
that winter, probably a foot above the level of ordinary spring 
tide, which is given on the Admiralty Chart at 15 feet 5 
inches. At times extraordinary tides rise four feet higher 
than this, the heights of these latter tides having been pointed 
out to me on the wharf in front of Fort Churchill. On the 
2d of November, 1893, the cove was filled with ice up to the 
level of the last spring tide, about an ordinary one, and the 
heights above the ice of the following names were measured 
and are given opposite to them :— 


James Walker, May y° 27, 1753.....--. 7 ft. 
Guilford Long, May y° 27, 1753....-.--- 7 ft. 
6 ft. 
6 ft. 
Furnace & Discovery, 1741-.-..-------- 3 ft. 3 in. 


As the ice does not break up in Churchill Harbor, on an 
average, until the 19th of June, the two names first mentioned 
were doubtless cut while the ice was in the cove at its highest 
winter level, which at the present time would not be more 
than six feet below them, and the surface of the snow would 
probably be still higher. Since the names would in all proba- 
bility be cut not less than two feet above the surface of the 
snow or ice, and could not be cut below it, they indicate that 
the water was about as high then as now, and they prove quite 
conclusively that it was not ten feet higher in 1753 than it is 
now, as it would have been if there had been a rise of the land 
of seven feet in a century. 

It does not appear in what months the names of the other 
men were engraved, but probably in the long days of spring, 
before the ice had gone out of the river, and the busy summer 
of trade, fishing and building had begun. 

The Furnace and Discovery reached Churchill in the sum- 
mer of 1741. Their names are cut in the almost vertical face 
of the smooth rock, but whether they were cut before the bot- 
tom of the cove was covered with ice or not is not known. 

Besides the evidence furnished by the above mentioned 
names, a number of rings have been set in the rock at various 
heights for the moorings of the ships or sloops. Those five 
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feet or more above the ice of November 2d, 1893, are still firm 
and strong, while some two feet and a half above the ice have 
been almost entirely rusted away. The former have evidently 
been comparatively free from the influence of the salt water, 
while the latter have been wet by high tides, and even in this 
little sheltered spot have been splashed by the spray in heavy 
storms. 

The positions and states of preservation of these rings, which 
were doubtless placed there in the middle of the 18th century, 
when the masons were building Fort Prince of Wales, and 
when the sloops regularly wintered here, clearly indicate that 
there has been no great change in the relative heights of land 
and water since they were set into the rock. 

After carefully considering what we know of the present 
and former height of the water around Fort Prince of Wales, 
and the records left on the rocky wall of Sloops Cove, but 
more especially after comparing the map of the lagoon at the 
mouth of Churchill River made in 1746 by Joseph Robson, an 
engineer, with the lagoon as it exists at present, [ am forced to 
conclude that evidence of the rising of the land, drawn from 
the fresh appearance of the post-glacial beaches, from the 
height of driftwood, from the silting of the mouths of rivers 
that flow swiftly through alluvial plains or from the tales of 
the Indians, who would doubtless regard the formation of a 
sand-bar as the receding of the waters, is delusion, and that the 
post-glacial uplift of this portion of the shore of Hudson Bay 
has virtually ceased, and that the land has now reached a sta- 
ble, or almost stable, condition. 


Art. XX VI.—Prineiples of North American pre-Cambrian 
Geology; by CHARLES Ricwarp VAN Hise. With an 
Appendix on Flow and Fracture of Rocks as Related to 
Structure; by LEANDER Hoskins. Sixteenth 
Annual Report, U. 8. Geol Survey, Part I, pp. 571-874. 


[Author’s abstract. ] 


THE design of the paper is (1) to give a partial discussion 
of principles applicable to geological work among the pre- 
Cambrian rocks of North America, and (2) to give an histori- 
cal account of the North American pre-Cambrian, and to point 
out the principles illustrated in the various regions. The first 
is considered in Part I, the second in Part II. 


Part I.—Discussion of Principles. 


The discussion of pee is supplementary to that in text- 
books rather than a full treatment. Since fossils are notavail- 
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able for the study of pre-Cambrian rocks, it is necessary to 
develop methods of geological work based upon physical phe- 
nomena. The subjects considered under physical geology are 
the general movements of rock material under deformation, 
folds, cleavage and fissility, joints, faults, autoclastic rocks, 
metamorphism of rocks, and stratigraphy. 

Deformation of Rocks.—It is shown that the outer part of 
the earth may be divided into three zones: (1) An upper zone 
of fracture; (2) a middle zone of combined fracture and plas- 
ticity ; (3) a lower zone of plasticity. 

1. Rocks under less weight than their ultimate strength 
when rapidly deformed are in the zone of fracture. That is, 
when rocks under such conditions are deformed they break, 
and crevices small or great separate the broken parts. The 
fractured rocks may be jointed, faulted, or brecciated in a sim- 
ple or a complex manner. The fractures may be far apart and 
of great size and extent, or near together and of small size and 
extent. Innumerable parallel fractures may occur in the same 
direction, when, as shown later, the rocks develop a parting, or 
fissility. In extreme cases of fracturing the rocks become auto- 
clastic, or are broken into innumerable fragments by the forces 
of deformation. These fragments may be rounded, and such 
rocks resemble ordinary clastic rocks. The lower limit of this 
zone of fracture is at different depths for different rocks, and 
at different depths for the same rock under different condi- 
tions of deformation. However, from computations by Prof. 
L. M. Hoskins it is concluded that it is highly probable that at 
a depth of 10,000 meters, not only do no crevices permanently 
exist in the earth, but the rocks are in such a condition that 
actual welding of the fractured parts would soon take place, 
supposing fracture to occur. 

3. Rocks buried to such a depth that the weight of the super- 
incumbent strata exceeds their ultimate strength are in the 
zone of plasticity and flowage. These are the conditions of 
folding, for permanent perfect flexure is possible only by flow- 
age of material. It is a contradiction to suppose that cracks 
and crevices can form under these conditions. Were it pos- 
sible for an opening to be made in any way, under the hypoth- 
esis, the rock would flow toward the opening and close it. This 
is the deep-seated zone of perfect folding. In the folding 
there is necessarily readjustment between the strata and re- 
arrangement within each of the strata. If the beds are not 
changed in thickness, the folds must die out with increased 
depth. If they remain of similar form, this is only possible 
by a thickening on the anticlines and synclines and a thinning 
on the limbs. 

2. Since the boundary between the zone of fracture and the 
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zone of flowage is at a different depth for two rocks of unequal 
strength and for the same rock under different conditions dur- 
ing deformation, there is a zone of combined fracture and 
flowage. In a set of heterogeneous beds, upper, weak strata 
may be in the zone of folding, while lower and stronger strata 
may be in the zone of fracture. It is believed that the zone of 
combined fracture and flowage is probably 5,000 meters thick. 
The three zones of fracturing, of fracturing and flowage, and 
of flowage grade into one another. 

Analysis of Folds.—As ordinarily treated, folds are con- 
sidered as simple flexures in two dimensions. As they occur 
in nature, many folds are complex flexures in three dimensions. 
Flexures in two dimensions may be simple or composite, and 
the folds may be called simple folds or composite folds. Flex- 
ures in three dimensions may be called complex folds. Fol- 
lowing Margerie and Heim, simple folds are classified into 
upright, inclined, overturned, and recumbent. Any one of 
these folds may be ordinary, isoclinal, or fan-shaped. 

The greatest composite folds of the earth’s crust, following 
Dana, are called geanticlines and geosynclines. In the forma- 
tion of these folds gravity is the predominant force, whereas 
in ordinary composite folds thrust is an important or predomi- 
nant foree,—although in all folds thrust and gravity work 
together. Composite folds are divided into normal and ab- 
normal. Both normal and abnormal folds are divided into 
upright, inclined, and overturned anticlinoria and synclinoria. 
In normal anticlinoria the axial planes of the secondary folds 
on opposite sides of the crest converge downward. In normal 
synclinoria the axial planes of the secondary folds on opposite 
sides of the trough diverge downward. In abnormal anticli- 
noria the axial planes on opposite sides of the crest diverge 
downward, and in abnormal synclinoria the axial planes on 
opposite sides of the trough converge downward. It is shown 
in the case of normal folds that, as a result of the action of the 
forees, accompanied with normal adjustment, the axial planes 
of the secondary folds have the attitudes above given. ‘ the 
case of abnormal folds the readjustment is concentrated along 
certain zones, and the axial planes are rotated from their ordi- 

nary position to the positions above given. In case of axial 

planes of a set of folds in a mountain system inclined in the 
same direction the folds are called monoclinal. Overthrust 
monoclinal folds are defined as those in which the axial planes 
dip toward the forces producing them, and underthrust folds 
are defined as those in which the axial planes dip away from 
the forces producing them. In the majority of cases it is held 
that monoclinal folds are overthrust folds. 

If horizontal compressive forces are sufficiently strong to 
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produce deformation in two directions at right angles to each 
other, this results in the production of complex folds. The folds 
produced by the major thrust may be called major or longitu- 
dinal folds, and the folds produced by the minor thrust, minor 
or transverse folds. The methods of determining that a dis- 
trict is one of complex folding and the character of the observa- 
tions which should be made in such a district are fully discussed. 
In the production of simple, composite, or complex folds the 
movements may have been continuous or discontinuous. 

Cleavage and Fissility.—The property of cleavage in rocks 
is defined as a capacity present in some rocks to break in cer- 
tain directions more easily than in others. Fissility is defined 
as a structure in some rocks by virtue of which in a state of 
nature they are already separated into parallel laminze. The 
term fissility thus complements cleavage, and the two are 
included under cleavage as ordinarily defined. It is held that 
cleavage is a deep-seated phenomenon of the zone of flowage, 
and that fissility is a more superficial phenomenon of the zone 
of fracture. 

From a discussion of the phenomena it is concluded that 
rock cleavage as above defined is due to the arrangement of the 
mineral particles with their longer diameters or readiest cleav- 
age, or both, in a common direction, and that this arrangement 
is caused, first and most important, by parallel development of 
new minerals; second, by the flattening and parallel rotation 
of old and new mineral particles; and third, and of least 
importance, by the rotation into approximately parallel posi- 
tions of random original particles. From the fact that fre- 
quently cleavage is everywhere parallel to intrusive batholites, 
from the fact that flattened rock particles are in the plane of 
cleavage, and from the frequent transverse relations of the 
structure and the bedding, it is concluded that cleavage devel- 
ops in a plane normal to the greatest pressure. In homogene- 
ous rocks the structure may vary from perpendicular to parallel 
to the bedding. 

Fissility, being due to rupture, is produced along shearing 
planes, and is, therefore, inclined to the direction of greatest 
pressure. Cleavage and fissility intersecting bedding are called 
cross cleavage and cross fissility, and those parallel to the bed- 
ding are called parallel cleavage and parallel fissility. 

In heterogeneous rocks the readjustment between the beds 
may rotate the cleavage from its ordinary position, but, as 
shown by Prof. Hoskins, at any moment the cleavage is devel- 
oping in the direction of greatest shortening, or at right angles 
to the greatest pressure. The result of the rotation of cleavage 
is to bring it more nearly in accordance with bedding. As the 
readjustment and consequent rotation is- greater in a weaker 
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than in a stronger bed, it follows that cleavage in a soft layer 
more nearly accords with bedding than it does in a hard layer. 
Further, in the more plastic beds cleavage may be developed, 
and may be absent or imperfect in the more rigid beds. The 
change in direction may be abrupt, but if there is a gradation 
between the hard and soft layer the cross cleavage of the hard 
stratum may vary by a curve into the nearly parallel cleavage 
of the soft stratum. Since on opposite sides of a fold the 
readjustment is in opposite directions, the cleavage dips in 
opposite directions. On opposite sides of an anticline the 
cleavage usually diverges downward ; on opposite sides of a 
syncline it usually converges downward. In areas of much 
overturned monoclinal folds the readjustment between the 
layers is all in the same direction, and hence the cleavage is 
rotated in the same direction, and is monoclinal throughout. 

Fissility in heterogeneous rocks may develop in two direc- 
tions at the same time. In a common ease one of these is in 
shearing planes, and the other normal to tensile planes. The 
fissility formed in shearing planes may have the same relations 
to the bedding of hard and weak layers as does cleavage. As 
rocks in the deep-seated zone in which cleavage develops must 
pass through the zone of combined fracture and flowage and 
into the zone of fracture, before they reach the surface, it fre- 
quently happens that fissility is developed in rocks which had 
a prior cleavage. As the cleavage planes under these condi- 
tions are likely to be shearing planes, the fractures of fissility 
are likely to be controlled in direction by the previous cleav- 
age, whether it is the direction of maximum tangential stress 
or not. It is, therefore, concluded that fissility developing in 
the shearing planes is usually secondary to cleavage developed 
in the normal planes. In those cases in which the folding is 
extreme, both the primary and secondary structures may 
become nearly accordant upon the limbs of folds, but are trans- 
verse to each other on the anticlines. If the turns in the 
strata are very sharp at these places, the discrepancy between 
the two structures may be overlooked, ana it may be concluded 
that bedding and secondary structures are everywhere accord- 
ant. Such a mistake may result in a great over-estimate of the 
thickness of strata, and give erroneous ideas of structure. 

When cleavage and fissility develop there are many slightly 
separated movements of small degree. When a thrust fault 
develops there is a single major movement. After a secondary 
structure has formed in a region, within the cracks of fissility 
or along the planes of weakness of cleavage, there may be sec- 
ondary impregnations or injections, and thus banded rocks 
may owe their structure to fissility and secondary impregna- 
tions or injections, or both, and the bands may or may not 
accord with an original structure. 
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The foregoing principles are applied to the Appalachian and 
certain other regions. Much of the Appalachian region is one 
of monoclinal folding, and, therefore, one of monoclinal cleav- 
age, and of monoclinal fissility secondary to cleavage. In areas 
in which there have been secondary impregnations and injec- 
tions there is a secondary monoclinal banding. A_ similar 
explanation is applied to the monoclinal banding of the Archean 
gneiss in great areas in Canada and in southwestern Montana. 

JSoints.—Joints may be classified into tension joints and com- 
pression joints. The first ordinarily develop in planes normal 
to the tensile forces, the second develop in the shearing planes 
inclined to the compressive forces. Tension joints are often 
produced along the crowns of the anticlines in areas of simple 
folds. In areas of complex folds tension joints may be pro- 
duced in two directions at right angles to each other. Com- 
pression joints, as explained by Daubrée and Becker, form 
along shearing planes, and are in the simplest case produced 
simultaneously in two directions nearly at right angles to each 
other. Joints, implying as they do openings in the rocks, are 
necessarily confined to the outer zone of fracture and the middle 
zone of fracture and flowage. 

Faults.—Faults may be classified into normal or gravity 
faults and reverse or thrust faults. The first class is ordinarily 
produced under conditions of tension, the second under condi- 
tions of compression. Normal or gravity faults result in the 
dilation, thrust faults result in the contraction of the part of 
the crust of the earth affected by them. It is shown that the 
average deformation of a region may be the same whether it 
be by a few great faults with little or no fissility, by more fre- 
quent lesser faults with or without fissility, by faults and over- 
folds with or without both cleavage and fissility, or by folding 
with or without faults and cleavage; also that there is every 
gradation between faulting and fissility, and probably every 
gradation between faulting and cleavage. Faults are limited 
in horizontal as well as in vertical extent, and are usually con- 
fined to the zones of fracture and of fracture and flowage. 
Probably most faults at sufficient depth pass into flexures, and 
deeper down these flexures may die out. 

Folds, cleavage, fissility, joints, and faults are regarded as 
the conjoint products of thrust and gravity. Similar forces 
acting upon heterogeneous rocks under various conditions pro- 
duce diverse phenomena. Thus several classes of phenomena 
which are often treated as independent and unconnected are 
genetically connected. In the zone of combined flowage and 
fracture all the structures occur together in a complex manner, 
the particular combination of phenomena depending upon the 
relative thickness, strength, and brittleness of the rock beds 
concerned, and upon the forces at work. 
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Autoclastic Rocks.--When rocks are folded by strong oro- 
genic forces, and they are not so heavily loaded as to render 
them plastic, they are frequently broken into fragments, and 
“ autoclastic ” rocks are produced. The autoclastic ‘rocks which 
readily show their origin may be called breccias, and those 
which resemble ordinary conglomerates may be called pseudo- 
‘ conglomerates. Brittle rocks are the most likely to become 
autoclastic. Autoclastic rocks are contined to the zone of frae- 
ture and the zone of combined fracture and flowage. Pseudo- 
conglomerates sometimes resemble basal co nglomerates. Hence 
criteria are described which discriminate between the two. 

Metamorphism.—Metamorphism is used in its broad sense 
to cover the alteration of all classes of rocks by all processes. 
The prominent forces producing metamorphism are pressure, 
heat, and chemical affinity Pressure may be resisted by 
rigidity, or may pass into mass motion. In the former case 
the conditions are those of static metamorphism, and the 
motions are molecular. In the latter case the conditions are 
those of dynamic metamorphism, and the motions are both 
molecular and mass. The heat may result from dynamic action, 
be obtained from liquid rock intruded from below, or from the 
interior of the earth by the normal increase of temperature due 
to depth. In the chemical changes water is the menstruum 
through which most of the transformations are made. It car- 
ries the materials from one place to another, and thus the com- 
position of great masses of rock may be changed. 

The chief processes of metamorphism considered are con- 
solidation, welding, cementation, injection, metasomatism, and 
mashing. Consolidation is produced by the mere pressure of 
superincumbent strata or by the stress of thrust, so that the 
mineral particles are brought closer together. If rocks are so 
deeply buried that the superincumbent weight is beyond the 
crushing strength, or if they are in the zone of flowage, it is 
possible that the particles may become welded together. By 
cementation is meant the binding together of the rock parti- 
cles by the infiltration of mineral material in solution and its 
deposition as minerals in the interstices of the rocks. By 
injection is meant the penetration of a rock by a molten 
magma. Pegmatization is believed in some cases to be due to 
cementation, in others to injection, and in others to a combina- 
tion of the two, that is, it is thought highly probable that 
under sufficient pressure and at a high temperature there are all 
gradations between heated waters containing mineral material 
in solution and a magma containing water in solution. In 
other words, under proper conditions water and liquid rock are 
miscible in all proportions. From the water solutions true 
impregnation or cementation would take place; from the rock 
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solutions, true injection. Metasomatism may be defined as the 
process of metamorphism by which original minerals are partly 
or wholly altered into other minerals, or are replaced by other 
minerals, or are recrystallized without chemical changes, or one 
or all of these together. Metasomatism is considered from the 

oint of view (1) of the alteration of the original mineral par- 
ticles, (2) of the mineral particles which are produced by the 
process of alteration, and (3) the texture of the rock produced. 
Secondary mineral particles in the metamorphic rocks which 
show no evidence of strain are believed to have been produced 
by metasomatic processes under static conditions. In some 
cases the rocks have previously been subjected to dynamic con- 
ditions. Under mashing is included the process which is 
usually described in geological writings under the terms 
dynamic metamorphism and shearing. The schistose structure 
produced by mashing in the deep-seated zone of flow develops 
in the nermal planes rather than in the shearing planes. bn 
the zone of fracture schistosity may be in the shearing planes. 

The development of each of the important pre-Cambrian 
metamorphic sedimentary rocks is described, and the develop- 
ment of the metamorphic igneous rocks is more briefly sum- 
marized. The metamorphic sedimentary and metamorphic 
igneous rocks are compared, and criteria are given for discrimi- 
nating between the two. Among others, the conclusion is 
reached that the finely, regularly laminated homogeneous erys- 
talline schists having only a single structure are usually of 
igneous origin. 

Stratigraphy.—The phenomena which may be taken as evi- 
dence of bedding in the metamorphic rocks are described. 

The method of formation and significance of basal con- 
glomerates are considered. The phenomena which may be 
mistaken for basal conglomerates are described. These are 
voleanic fragmental material, erosion conglomerates derived 
from lavas, conglomerates formed in shallow seas by storms of 
exceptional violence, intraformational conglomerates, auto- 
clastic rocks, and pseudo-conglomerates produced by igneous 
intrusion. 

The phenomena indicating unconformity are described. 
These are (1) ordinary discordance of bedding ; (2) difference 
in the number of orogenic movements to which the series have 
been subjected ; (3) discordance of bedding of upper series and 
foliation of lower; (4) relations with eruptives; (5) difference 
in degree of crystallization ; (6) basal conglomerates ; (7) gen- 
eral field relations. It is shown that all evidence of uncon- 
formities, even when they are merked by the most distinctive 
proofs in little disturbed areas, may be entirely obliterated by 
orogenic movements and the attending metamorphism. As a 
result, originally unconformable series may be thought to be 
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conformable. It is shown that unconformities are usually at 
least regional in extent, that some of them are continental, and 
that perhaps a few may even be intercontinental. As to the 
time represented by an unconformity it is concluded that a 
slight unconformity may mark no more than a minor part of a 
period; that a great unconformity probably always marks at 
least a major part of a period; and, finally, that a slight or 
great unconformity may mark eras of time. 

In structural work in nonfossiliferous rocks it is concluded 
that unconformities give the best datum horizons from which 
to build up the stratigraphy in a geological province. Within 
a geological province, next in value to unconformities is like 
sequence of lithological formations in different districts. Of 
the least value in stratigraphy is the lithological character of a 
formation. Formations may vary rapidly in character, or in 
mediterranean seas may have a like original character for long 
distances. It cannot be assumed, in passing from province to 
province, that the unconformities are equivalent, and hence we 
are yet without any criteria for correlating pre-Cambrian series 
in different geological provinces. In the future the only ways 
known in which the questions of correlation between geological 
provinces in pre-Cambrian rocks can be certainly solved are to 
tind fossils in the series concerned or to work out the physical 
history of the continents, and the more hopeful direction of 
attack is along the line of the pliysical history of the continent. 


Part Il.—istorical Geology. 


The character, origin, and delimitation of the Archean are 
considered. The conclusion is reached that the Archean is 
igneous, and represents a part of the original crust of the earth 
or its downward crystallization. The Algonkian is defined as 
including all recognizable pre-Cambrian clastics and their 
equivalent crystallines. The character and delimitation of the 
Algonkian are considered. The rock succession, correlation, 
and principles illustrated of each of the pre-Cambrian regions 
of North America are summarized. The areas considered are 
the Original Laurentian district, the Adirondack district, the 
Hastings district, the Original Huronian district, the Lake 
Superior region, the Great Northern region, Eastern Canada, 
isolated areas in the Mississippi valley, the Cordilleras, and the 
eastern United States. 

In an appendix on Flow and Fracture of Rocks as Related 
to Structure, Prof. Hoskins considers the conditions of flow 
and fracture of rocks, strain and stress, and the applications of 
the latter to rock structures. As the entire discussion is a 
summary of a very difficult subject, any attempt to abstract it 
would probably lead to misconceptions, and, therefore, the 
attempt is not made. 
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Art. XXVII.—Studies upon the Cyperacee ; by THEO. 
Hou. 


II. The clado- and antho-prophyllon in the genus Carex. 
(With Plate II.) 


WHILE the dicotyledonous plants have usually two prophylla 
developed on their lateral vegetative and floral axes, the mono- 
cotyledonous have generally only one. An exception from this 
rule is, however, the presence of only one in some of the 
Dicotyledones, e.g. Ranunculus Lingua, R. auricomus and 
others, while two separate prophylla may occur in some of the 
Monocotyledones, viz.: on the vegetative branches of Vadlis- 
neria, Llodea, ete., or at the inflorescence of Narcissus, Gal- 
anthus and other Amaryliidee. 

Besides being the first leaf or leaves upon the lateral 
branches, the position of the prophyllon is quite characteristic. 
In the dicotyledonous plants, the two prophylla are situated to 
the right and the left of the branch, while in the monocoty- 
ledonous, the single prophyllon is situated on the posterior side 
of the branch, thus turning its back towards the mother-axis. 
As regards the structure of these leaves, they are often more 
or less seale-like.;; in the Monocotyledones the prophyllon is 
generally bicarinate with a few, often only two, nerves, which 
sometimes run out into two tips, hence the leaf appears as if 
it had developed from two primordia. In most cases, however, 
this is not so, at least not in the Graminew, Cyperacew, Jun- 
cacee and the majority of the Monocotyledones, while in the 
Amaryllidew the so-called spatha is surely formed by coales- 
cence of two separate leaves. This is the more apparent since 
two flowering branches often develop from these spathze. 

By studying the prophyllon in the genus Carez, it is inter- 
esting to note the various forms in which it becomes modified 
in normally developed specimens, while it often undergoes cer- 
tain transformations, in cases, that are truly abnormal. As the 
title of this article indicates, we might suggest making a dis- 
tinction between the prophyllon of the vegetative and of the 
floral axis, and we might, as a mere matter of convenience, 
name them according to their place “ clado- and antho-prophyl- 
lon.” 

The first of these, the clado-prophyllon, belongs, then, exclu- 
sively to the lateral vegetative axes. It is,in the Caricew, 
hardly different from the other scale-like leaves of the rhi- 
zome, indeed it is generally to be distinguished by its position 
only, as described above. Since none of the species of Carex 
develop aérial vegetative shoots under normal circumstances, 
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this leaf becomes confined to the rhizome. There is, however, 
another leaf in the genus Carex, which occupies a somewhat 
singular position, at the base of the peduncles of the female 
inflorescences in the heterostachyous species. This leaf was 
first discovered by Gay, who correctly enough compared it 
with the utriculns, until later on Roeper succeeded in drawing 
the comparison still more precise by observing the presence of 
a female flower in its axil. In this way the leaf becomes a 
true antho-prophyllon, even if its flower usually stays as a 
rudiment, or does not develop at all. Very few authors men- 
tion this leaf, by Roeper called ochrea or vagina, although its 
shape varies so much so as to become of some importance in 
the specific diagnosis. It attains its highest development in 
species which have long, sheathing stem-leaves, and it has been 
very comprehensively described by Schulz, who, also, states a 
number of cases where he found its flower developed. When 
inclosed by the leaf-sheath it is generally membranous, pale 
and tubular in its entire length, or but slightly cleft on its 
anterior face. In species of which the stem-leaves are only 
clasping, without any distinct sheath, this leaf becomes more 
seale-like and open, of a firmer texture and often dark brown- 
ish, or purplish-colored, and has often several nerves. 

The best known antho-prophyllon of the Carices is, of 
course, the so-called utriculus, which surrounds the pistil and 
is, therefore, exclusively restricted to the female inflorescence. 
We must admit, though, that mention has been made of a 
very few instances where this leaf contained stamens, instead 
of a pistil, as recorded by Boott, in some abnormal specimens 
of Carex acuta L. (Plate II, fig. 7.) 

The history of utriculus is most remarkable. There are, 
indeed, few vegetative organs that have caused greater trouble 
to the botanists than this leaf, as to its morphological identity. 
The literature shows us a number of widely opposite theories, 
suggested by some of the ablest botanists, and it might be of 
some interest to present a brief outline of the history of this 
organ, generally known now as the “utriculus.” The differ- 


ent names under which it has been described are as follows: 


Achenium.—(Necker, 1790.) 

Bractee.—(R. Brown, 1814.) 

Bractée adossée.—(Van Tieghem, 1884.) 

Capsula.—(Tournefort, 1694; Micheli, 1729; Haller, 1742; 
Schkuhr, 1801; St. Hilaire, Lamarck and DeCandolle, 1805; 
Schweinitz, 1824.) 

Fruit.—(Dewey, 1824.) 

Glumes, two opposite.—-(Lindley, 1836.) 

Involucrum.—-(Haller, 1768.) 

Nectarium.—(Linné, 1791; Wahlenberg, 1803 ; Nees ab Esen- 
beck, 1821.) 
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Perianthium.—(R. Brown, 1810; Mirbel and Kunth, 1815; 
Lestiboudois, 1819. Pres], 1820.) 

Perigynium.—(Nees ab Esenbeck, 1835; Torrey, 1836 ; Dyer 
and McNab, 1875; Bailey, 1889.) 

Phycostemon. —(Turpin, 1819.) 

Soucoupe.—(Adanson, 1763.) 

Spathellules.—(S. Fr. Gray, 1821.) 

Tunica.—(Ventenat, 1807.) 

Urceolus.—(DeCandolle, 1813 and 1819; Gaudin, 1811.) 

Utriculus.—(Scheuchzer, 1719; Kunth, 1837; Roeper, 1844; 
Richard, 1846; Steudel, 1855; Townsend, 1873; Eichler, 1875; 
Caruel, 1878; Lindberg, 1885.) 

Vesiculz.—(Tournefort, 1700.) 


By comparing these various terms and their definitions, 
given in the respective works cited, the principal difference 
seems to consist in whether this leaf should be considered as ¢ 
part of the flower or as a bract only, a prophyllon. It has 
been considered as a pericarp, a nectary or disk, a perianth 
and a perigynium, in contrast to its definition as one or two 
bracts. 

The often bidentate apex might suggest its origin from 
two primordia, if the history of its development has not 
taught us different, besides the fact that it never, at least in 
normal cases, supports more than one single flower. It forms 
thus a most striking parallel with the palet, the palea superior, 
of the Graminew, so excellently discussed by Roeper in his 
Flora of Mecklenburg. We see, also, from the list of its 
terms, that the name “ utriculus” is of a very old date, and 
that it has been adopted in several languages, and there is no 
reason why it should not be preferred to the rather misleading 
term “perigynium.” It is, furthermore, an organ which is 
absolutely identical with the ochrea described above, and it 
constitutes together wita this the floral or antho-prophyllon of 
the genus Carew. 

It is now interesting to observe the transitions which exist 
between the normal utriculus and the ochrea. That the struc- 
ture of utriculus shows a vast number of forms is a_ fact, 
which we know from the systematic treatises of our genus. 
Some abnormal cases might, however, deserve mention. We 
remember, for instance, that the rhacheola, which bears the 
utriculus, often becomes elongated and bears flowers, especially 
female ones. It is, in such cases, figured on our Plate II, figs. 
2, 4, 5 and 6, that the utriculus becomes more or less modified 
so as to present a development intermediate between that of a 
typical utriculus and of an ochrea, besides that the inflores- 
cence itself may simulate that of Llyna or of Schoenowi- 
phium. Such utriculi, of which the rhacheola has become 
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elongated, are, as we know from the literature, very common, 
although only a few have been, so far, recorded from this 
country. Penzig, in his Pflanzenteratologie (I. ¢.), enumerates 
Carex Frasert Andr., CU. intumescens Rudge, C. lupulina — 
retrorsa and C. utriculata Boott, as showing this peculiar 
abnormity, but it is indeed much more common in our Ameri- 
can species, especially among the heterostachye. 

It is upon the elongation of the rhacheola into a long hook, 
without flowers, that the genus Uncinia has been established, 
while such elongation, but into a straight processus, is per- 
fectly normal to certain true Carices, e.g. C. microglochin 
Wahlbg. 

The remarkable Carex cladostachya Wahlbg., of which we 
have illustrated a lateral inflorescence (Plate LI, fig. 8) shows a 
very singular ramification, which at first glance may seem to 
be abnormal, but which, nevertheless, is normal for this spe- 
cies and its allies. Our figure shows a long-peduncled inflor- 
escence, with an ochrea at the base (oc.); there is one terminal, 
and three lateral inflorescences, which bear female flowers at 
their bases and male at theirapices. These three lateral inflor- 
escences have developed from the axils of scale-like bracts, 
and their prophyllon, the ochrea, is in this case developed like 
a typical utriculus with no flower, however (Plate II, fig. 9) ; 
it is the rhacheola of this utriculus, or rather ochrea, upon 
which the female inflorescences and the male flowers are 
borne. 

Hence we have in C. cladostachya a species which exhibits 
a true ochrea, an utriculus and a form intermediate between 
these. 

There are, however, other cases where the utriculus is the 
only prophyllon of the entire lateral axis. This we have illus- 
trated in Carex multicaulis Bailey (Plate II, fig. 10), where 
the lateral female inflorescences are reduced each to a single 
flower with its utriculus, and supported by a bract, which here 
has developed into a green leaf with long blade. The female 
| flower shows here a position corresponding to that, which 
toeper had observed inside the ochrea, but this prophyllon 
has here attained the structure of an utriculus, and the rhache- 
ola has become arrested in its further development. 

This species, C. multicaulis, belongs to the Phyllostachye, 
which are characterized by their leafy bracts, while in the 
dioecious Acroarrhene, the Physocephale and Leptocephale, 
the bracts of the female inflorescences are merely developed 
as scales. The morphological difference between these groups 
becomes then confined to the very unimportant fact as to 
whether. the bracts are leaf- or scale-like. The dioecious 
species of the Acroarrhene are all known to vary as monoe- 
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cious, so that the distribution of the sexes does not here con- 
stitute any valid character. There is, indeed, no difference, as 
regards the entire inflorescence, between these, the dioecious 
forms on the one side and the Phyllostachya,, the Physoce- 
phale and the Leptocephale on the other ; the characterization 
must be sought in the texture of the utriculus alone. And if 
we compare them with the heterostachyous species, the princi- 
pal difference depends merely upon the number of female 
flowers developed. 

It seems as if the homostachyous species, with decompound 
inflorescences, form a group well distinct from all the other 
Carices, by the singular arrangement of the two sexes in the 
same lateral or terminal’ inflorescence. In these species the 
lateral peduncles are so short that they are hardly visible and 
the ochrea is generally suppressed. But if we place Carew 
cladostachya among these, the /Homostachyw, we will then 
have a highly developed type with the inflorescences on long 
peduncles and the ochrea distinct. This species shows a tran- 
sition to the /7eterostachye by its decompound inflorescences, 
but while this secondary ramification is only abnormal to the 
heterostachyous species, it is typical to C. cladostachya and its 
allies. 

The structure and position of the antho-prophyllon in the 
genus Carex becomes, therefore, of great importance, when we 
study the inflorescence, and it affords good characters in dis- 
tinguishing the species from a systematic point of view. In 
considering the sections and the groups of this large genus, it 
appears as if the characteristics can not be drawn very acute if 
we merely look upon the composition of the inflorescence. 
The characters taken from the structure and shape of the utri- 
culus may, on the other hand, help to unite a number of spe- 
cies into very natural groups. The color of utriculus and of 
the scale-like bracts is often used as an additional character, 
but is, however, not reliable. We will point out that the 
color of these organs often depends upon the climatic condi- 
tions under which the species occur, viz.: they are often bright 
colored, purplish or deep brown, in the northern and the 
alpine forms, while in the southern and most of the sylvan 
forms they are pale, hyaline or light green. 
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Figure 1.—The ochrea of a female inflorescence of Carex crinita Lam. 3 x 
natural size. 

Figure 2.—A specimen of Carex laxiflora Lam. with abnormally developed 
female inflorescence. The lowest situated stem-leaf has been removed 
so as to show the ochrea at the base of the peduncle. 2x natu- 
ral size. 

Figure 3.—The ochrea of the preceding; much enlarged. 

Figure 4,—A lateral male spike of Carex crinita Lam., which is developed upon 
the rhacheola of a basal female flower. 3 x natural size. 

Figure 5.—A female inflorescence of Carex longirostris Torr. with the rhacheola 
of a flower extended and bearing three female flowers. 3 x natural 
size. 

Figure 6.—A female flower of the preceding, showing a similar prolongation of 
the rhacheola; much enlarged. 

FiguRE 7.—Two utriculi, with stamens from an abnormally developed specimen 
of Carex acuta L., copied from Boott: Illustr. of the genus Carez, 
vol. iv, p. 166. 

Figure 8.—A lateral inflorescence of Carex cladostachya Wahlbg., showing the 
ochrea (oc.) and four lateral inflorescences, female at the base and 
male at the apex. 2x natural size. 

Figure 9.—One of the basal utriculi of the preceding, from which the lateral 
inflorescences develop. This utriculus did not contain any female 
flower, and, as shown in the figure, had the position of an ochrea: 
at the base of the lateral peduncle; much enlarged. 

FiguRE 10.—The inflorescence of Carex multicaulis Bailey, showing one terminal 
male spike and two lateral female inflorescences, supported by bracts 
with distinct green blades; much enlarged. 


Washington, April, 1896, 


1801. 


Am. Jour. Sci., Vol. Il, 1896. Plate li 


1 ff 
\ 
/ 
Wr | NY) 
\ | paz NY 
| 
VA —— 4 
| Vy 
| 
Zi / fl | ) 
| 4 7 all 


: 


C. R. Keyes—Bethany Limestone. 


Art. XXVIII.—TZhe Bethany Limestone of the Western 
Interior Coal Field ; by Cuartes R, Keyes. 


THE productive Coal Measures of the Western Interior 
province, including portions of Iowa, Missouri, Kansas, Arkan- 
sas and Indian Territory, are sharply limited at the top by a 
heavy limestone. Above this level prevail beds which have 
been laid down in open seas and which have been generally 
known as the “ Upper Coal Measures,” or Missourian series. 
Below are coastal deposits which constitute the coal-bearing 
Des Moines series. 

The limestone which forms the base of the “ Upper Coal 
Measures ” was, as an important geological horizon, first brought 
into prominence in Missouri. Recently it has been found that, 
although known by different names in the several states, there 
is every reason to believe that the limestone in question is one 
of the most persistent horizons in the whole province, and that 
it forms a well-defined and continuous stratum extending 
entirely across the basin from west-central Iowa to Indian 
Territory. In calling attention to the fact a short time ago,* it 
was incidentally stated that “the appellation Bethany lime- 
stone for the basal formation of the ‘Upper Coal Measures’ 
may be extended somewhat, so as to include more than No. 
78 of the Broadhead section in Missouri, and may be made to 
cover several of the limestone beds above the layer to which 
the term Bethany Falls was originally applied, for the reason 
that these layers are separated from the main bed only by thin, 
unimportant seams of shale. Thus it appears that the Winter- 
set limestone of Iowa and the Erie limestone of Kansas are but 
extensions of the Bethany limestone of Missouri as now under- 
stood; and as the latter was the first to be recognized and to 
receive a specific geographical name, it has priority and must, 
therefore, supplant the other terms proposed.” 

In a late publicationt Dr. Erasmus Haworth has taken 
exception to this statement and has endeavored to show that a 
name Erie used by him should be applied to the limestone. 
The question brought up deserves more than passing notice 
since it raises the query as to what constitutes priority in geo- 
logical nomenclature, and also since it is of more than local 
importance. Although the nominal history in this particular 
instanee is not without interest, its consideration has a wide 
significance as being typical of a large number of cases that 
have been, and will continue to be, brought up for settlement. 


* This Journal, III. vol. 1, 243, 1895 
+ Univ. Geol. Sur. Kansas, vol. i, p. 156, 1896, 
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There is perhaps no department of geological science that is 
so backward in its development as that of nomenclature. 
In botany, in zoology and paleontology there exists a “ code” 
or set of rules by which all questions regarding priority may 
be readily settled. In geology there is no such tixed standard 
for guidance. This very problem was forcibly presented by 
Professor T. McK. Hughes before the British committee on 
Classification and Nomenclature, at the London meeting of the 
International Geological Congress,* and the statement was 
made that at present “there is no tribunal to which such points 
can be referred except public opinion.” But while there is no 
special printed “code” to follow, as in other branches of nat- 
ural history, there are certain general rules which are univer- 
sally regarded as governing the naming of formations. The 
first of these is that there must be some definition. There 
may be differences of opinion as to what constitutes a proper 
definition, but that the formation to which a name is applied 
must be defined in some way is everywhere accepted as funda- 
mental in the demands of a term to recognition. Of recent 
years Prof. H. S. Williams has more clearly formulated the 
essential elements constituting modern geological definition. 
These are geological position, geographic distribution and bio- 
logical definition. It is expected, therefore, that in presenting 
its claims for a place in nomenclature, no term has grounds for 
consideration unless it complies in some measure with the re- 
quirements with which it is necessary to conform in order to 
avoid confusion. Although it may not always be explicitly 
expressed, a formation must have some of the essential charac- 
ters described in order that it may be again recognized when 
met with; otherwise its name is meaningless. 

In alluding recently to the term Bethany, as having priority 
over all other names for the basal number of the Missourian 
series, only the bare fact was stated. The reasons for that con- 
clusion may be now briefly considered in order to show that 
the objections urged against it, at least in their present form, 
are not valid. Chronologically arranged, the epecial references 
to the limestone in question are as follows: 


1862. Broadhead, Trans. St. Louis Acad. Sci., vol. ii, pp. 311, 144. 

1870. White, Geology, Iowa, vol. i, p. 246. 

1873. Broadhead, Missouri Geol. Sur., Iron Ores and Coal Kields, pt. ii, p. 97, 
et seq. 

1894. Haworth and Kirk, Kansas Univ. Quart., vol. ii, p. 108 (January). 

1894. Keyes, Missouri Geol. Sur., vol. iv, p. 82 (November). 

1895. Tilton, Iowa Geol. Sur., vol. iii, p. 144 (February). 

1895. Haworth, Kansas Univ. Quart., vol. iii, p. 275 (April). 

1895. Keyes, this Journal, IT], vol. l, p. 243 (September). 

1896. Haworth, Univ. Geol. Sur. Kansas, vol. i, p. 159. 


* Cong. géol. international, 4me Sess., 1888, App. B, p. 14, 1891. 
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Professor Broadhead, in suggesting the name Bethany Falls, 
originally applied it to the main body of the limestone, the 
thick massive portion which formed the chief ledge giving the 
locality its title. Subsequently he defined it clearly, as to geo- 
logical position and the localities where best exposed. While 
for the most part the term was confined in its usage to the 
“main body” of the formation, it was also extended so as to 
include beds of limestone which were not a part of the main 
body but which were above it and were separated from it by 
shales. In the latter part of 1894 it was recognized that the 
calcareous basal member of the Missourian series properly 
included, in addition to the main body, the limestone layers 
both above and below which lay between, two heavy shale 
formations. Although it was desirable to have the formation 
specifically designated on account of the important position 
that it held, it was thought unnecessary to propose a new name, 
when the old one, which was well known, could be made, by 
slight extensions, to cover the beds in question. Bethany was, 
therefore, adopted. A few months after the announcement of 
the application of Bethany to the basal member of the Mis- 
sourian, Dr. Haworth, who had independently, in Kansas, 
placed the limestone under consideration at the base of Upper 
Coal Measures (Missourian), correlated it in part with the 
Bethany Falls limestone of Broadhead, and designated it as 
the Erie or Triple limestone. After attention was called inci- 
dentally to the fact that it was believed that the term Bethany 
had priority, Professor Haworth raised several objections to 
this opinion, which were stated* as follows: 

“Dr. Keyes suggests that inasmuch as this correlation has 
been perfected, the term Bethany limestone should be applied 
to the whole group. It is quite evident that Broadhead did 
not intend his name Bethany to be used in so extensive a sense, 
and as the term Erie limestone was proposed nearly two years 
before the suggestion made by Doctor Keyes, priority would 
not allow the use of the term as he suggests.” Two questions 
arise in this connection: (1) whether the original usage of the 
term Bethany Falls can be, with propriety, extended ; and (2) 
if not, can Erie be regarded as defined prior to the extension 
of the term Bethany as used in the recent Missouri geological 
report. 

Regarding the first problem, there can be no doubt that the 
formation is sufficiently well defined to have its name retained 
for the main body of the limestone, if that should be desirable. 
Moreover, in this sense it was applied not to the lowermost bed, 
as stated by Dr. Haworth, but to more of a median section of 
the limestone formation. At the same time it included more 


* Univ. Geol. Sur. Kansas, vol. i, p. 156, 1896. 
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strata than are embraced in the “ main body.” Therefore there 

does not appear, especially in the light of later investigation 
and a consequent desirability to adjust the nomenclature with- 
out the introduction of any more new terms than is absolutely 
necessary, to be any impropriety in extending somewhat the 
original meaning of the title. There is no violation of uni- 
versal custom, no confusion incurred. 

Regarding the term Erie itself, Dr. Haworth claims that it 
has priority over Bethany because it was “ proposed ” previous 
to the formal extension of the latter term to the whole of the 
basal limestone formations. By referring back to the places 
cited, in which the term Erie is used, it is found that the first 
time that it was mentioned, according to the references made 
by Dr. Haworth, was in a preliminary description of a section 
made up the Neosho river in southeastern Kansas. It is re- 
ported as sixty feet thick and as occurring at several localities. 
“Tt may be called the Erie limestone on account of its greater 
abundance in the neighborhood of that thrifty little town 
Nothing is given of ‘its biological characters, nothing of its 

eological position, except that it is somewhere in the Coal 
se and lies between the “ Laneville” shales and the 
* Chanute ” shales. 

In another account, which appeared a year later, but a few 
months after the formal extension of the term Bethany over 
the whole of the limestone formation, Dr. Haworth again con- 
siders the member in question. It is now described fully as 
the “Triple” limestone, with only an incidental reference in 
another place to “Erie.” The names of the underlying and 
overlying shales are changed also, to “Pleasanton” and 
“Thayer.” The geological position of the formation, how- 
ever, is accurately located at the base of the U Jpper Coal 
Measures and the lowermost bed of the “ Triple” limestone is 
correlated with the Bethany Falls limestone, the latter being 
erroneously regarded as the basal part of the limestone forma- 
tion. From this it is evident tliat in the first usage of the 
name, “Erie” cannot be regarded as defined, and it must be 
also concluded that Dr. Hawerth, in his preliminary descrip- 
tion of the Neosho river section, did not even have in mind the 
formal proposition of the term Erie for a widespread geological 
formation. 

There is still another consideration in this connection that 
demands attention. If in any way the first usage of the term 
“ Erie ” can be regarded as a proper definition of the forma- 
tion and the title can be in any manner considered as having 

riority over Bethany, then the term Winterset, as suggested by 
Dr. White for apparently the same formation in Towa, has prece- 
dence. Dr. White makes frequent mention in his Iowa reports of 
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the “ Winterset section,” the “limestone of the Winterset sec- 
tion,” the “ Winterset stone,” ete. The formation was admirably 
defined, a good detailed section was given, its geological posi- 
tion was accurately located, its typical locality was given and 
its faunal characteristics were described. The section itself 
has long been the standard of comparison for the “‘ Upper Coal 
Measures” of Iowa. If Bethany cannot be considered as a 
valid title for the basal limestone of the “ Upper Coal Meas- 
ures,” or Missourian series, as now understood, it is manifest 
that Erie cannot be, but must give way to Winterset. 

For these reasons it was that Bethany was given priority* as 
the proper name of the important limestone at the bottom of 
the “ Upper Coal Measures” in the Western Interior province, 
as a valid title unusually well defined for its time, widely 
known and liable to occasion the least amount of confusion in 
geological nomenclature. 

Thus far nothing has been said regarding the name Erie as 
a title already preoccupied in geological literature. The term 
has been used a number of times. Bela Hubbard,+ assistant 
geologist to the first Geological Survey of Michigan under 
Houghton, described in 1841 the “limestones of Lake Erie.” 
In 1842 the New York geologists Emmonst and Vanuxem,§ 
and the year following Hall| and Mather* described fully the 
“ Erie division ” of the Devonian. Winchell** also recognized 
the Erie limestones of Houghton. In 1873, Newberrytt+ pro- 
posed the term Erie shale for the uppermost formation of the 
Devonian of Ohio; and the following yeartt he recognized 
the Erie clays of the Quaternary, which is the same name 
which Logan had some years previous applied to the forma- 
tions on the north shore of Lake Erie. 


* This Journal, ITI, vol. l. pp. 239-243, 1895. 

+ Fourth Ann. Rept State Geologist. Report No. 3, 1841. 
¢ Final Rept. Second Dist. New York, p. 429, 1842. 

§ Final Rept. Third Dist. New York, p. 13, 1842. 

|| Final Rept. Fourth Dist. New York, p. 19, 1843. 
“Final Rept. First Dist. New York, p. 2, 1843. 

** Geol. Sur. Michigan, Ist Bienn. Rept., pp. 12-15, 1861. 
++ Geol. Sur. Ohio, vol. i, p. 163, 1873. 

tt Geol. Sur. Ohio, vol. ii, p. 21, 1874. 
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Art. XXIX.—On the Surface Tension of Mixtures of Nor- 
mal Liquids ; by C. E. LINEBARGER. 


In the ingenious method of estimating between certain 
limits of temperature the molecular mass of a liquid devised 
by Ramsay and Shields,* it is assumed that the various kinds of 
molecules that may occur in a liquid are uniformly distributed 
throughout the entire body of the liquid so that no one kind 
predominates in its surface. That such an assumption is in 
accordance with the facts of the case has been proven by 
Ramsay and Aston, + who determined the superficial tensions 
and energies of several mixtures of liquids that do not undergo 
appreciable polymerization. While in some instances they 
found that the molecular surface energies of mixtures were 
the mean of the molecular surface energies of their component 
liquids, yet in others such was not the case. 

The object of this paper is to add to our knowledge of the 
relations of the capillary constants of normal liquids and their 
mixtures. The determinations of this physical property were 
made with the apparatus described in a previous article in this 
Journal, p. 110. The liquids employed were of a high grade 
of purity and the composition of their mixtures was deter- 
mined with the greatest care. 

The following | tables give the data obtained, the headings to 
each of which render any explanation here needless, except, 
perhaps, for the last column, where the minus sign before a 
number indicates that the observed surface tension is greater 
than the calculated, and the plus sign the opposite. The sur- 
face tensions are given in dynes per centimeter. 


Taste I. 
Surface Tension of Mixtures of Benzene and Toluene. 


Temperature 25.°0 


Molecular Observed Calculated 
Percentage Percentage Specific Surface Surface Differ- 
Composition. Composition, Gravity. Tension. Tension. ences. 
C,H, 


0.000 100.000 0.000 100.000 0.85680 26.74 


30.588 69.412 34.230 65,770 0.86635 27.00 26.91 —0.09 

66.576 33.424 70.240 29.760 0.87143 27.19 27.13 —0.06 

90.720 9.280 92.011 7.989 0.87366 27.28 27.24 —0.04 

91.556 8.444 92.750 7.250 0.87528 27.27 27.24 —0.03 
100.000 0.000 100.000 0.000 0.87661 27.29 


* Zeitschr. f. phys. Chem., xii, p. 433, 1893. 
+ Ibid., xv, p. 89, 1894. 
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Taste II. 
Surface Tension of Mixtures of Toluene and Turpentine. 


Temperature 25°.0 


Molecular Observed Calculated 
Percentage Percentage Specific Surface Surface Differ- 
Composition. Composition. Gravity. Tension, Tension. ences. 
CioHis C,H; Cio Hi 6 
0.000 100.000 0.000 100.000 0.85790 25.93 
6.791 93.209 9.724 90.276 0.85960 25.98 25.99 +0.01 
20.654 79.346 27.464 72.536 0.85838 26.08 26.11 +0.03 
53.701 46.299 63.162 36.838 0.85682 26.18 26.31 +0.13 
75.091 24.909 89.884 20.116 0.85654 26.25 26.54 +0.29 
100.000 0.000 100.000 0.000 0.85680 26.74 


IIL. 
Surface Tension of Mixtures of Benzene and Ethyl Oxide. 


Temperature 25°.0 


Molecular Observed Calculated 


Percentage Percentage Specitic Surface Surface Differ- 
Composition, Composition. Gravity. Tension. Tension. ences, 
0.000 100.000 0.000 100.000 0.70942 16.35 
28.576 71.424 27.502 72.498 0.75369 17.62 19.45 +1.83 
56.924 43.076 55.627 44.373 0.79972 21.02 22.53 +1.51 
54.691 24.309 74.709 25.291 0.83179 23.44 24.57 +1.13 
100.000 0.000 100.000 0.000 0.87390 27.29 


IV. 
Surface Tension of Mixtures of Toluene and Carbon Bisulphide. 


Temperature 25°.0 


Molecular Observed Calculated 


Percentage 

Composition. 
C;Hs 
0.000 100.000 
15.282 84.718 
47.322 52.678 
76.170 23.830 
100.000 0.000 


Molecular 
Percentage 
Composition. 


0.000 
22.726 
59.450 
83.918 
100.000 


CoH i002 


100.000 
77.274 
40.550 
16.082 

0.000 


Specific 
Gravity. 


1.04843 
1.01458 
0.94937 
0.89667 
0.85680 


Percentage Percentage Specitic Surface Surface Differ- 
Composition. Composition. Gravity. Tension, Tension. ences. 
C;Hs CS. 
0.000 100.000 0.000 100.000 1.25958 31,29 
7.269 92.731 6.082 93.918 1.21783 30.83 30.96 +0.13 
37.992 62.008 33.605 66.395 1.06759 29.15 29.56 +0.41 
63.242 36.758 58.699 41.301 0.97217 27.95 28.41 +0.46 
100,000 0.000 100.000 0.000 0.85680 26.74 
TaBLe V. 


Surface Tension of Mixtures of Toluene and Ethyl Benzoate. 


Temperature 25°.0 
Observed Calculated 


Surface 
Tersion. 


34.07 
32,44 
29.34 
27.94 
26.74 


Surface  Differ- 
Tension. ences. 
32.94 +0.50 
30.60 +1.26 
28.49 +0.55 
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VI. 
Surface Tension of Mixtures of Ethyl Oxide and Ethyl Iodide. 


Temperature 25° 0 
Molecular Observed Calculated 
Percentage Percentage Specific Surfsce Surface Differ- 
Composition. Composition. Gravity. Tension. Tension. euces. 
C,Hi,0 C.H;I C.H;I 
0.000 100.000 0.000 100.000 1.93012 29.49 
87.200 62.800 55.581 44.419 1.17996 20.57 19.18 —1.44 


100.000 0.000 100.000 0.000 0.70942 16.35 


VII. 
Surface Tension of Mixtures of Ethyl Oxide and Carbon Bisul- 
phide. 

Temperature 25° 0 

Molecular Observed Calculated 
Percentage Percentage Specific Surface Surface Differ- 
Composition, Composition. Gravity. Tension. Tension. ences, 

C,H,,0 CS. CS. 


0.000 100.000 0.000 100.000 1.25958 31.29 
13.100 86.900 13.407 86.593 1.14280 26.19 29.61 43.42 
34.367 65.633 34.969 65.031 0.99380 21.86 26.16 +4.30 
62.759 37.241 63.380 36.620 0.84699 18.65 21.91 +3.26 

100.000 0.000 100.000 0.000 0.70942 16.35 


The results communicated in the foregoing tables show that 
in the majority of cases the superficial tensions of mixtures of 
normal liquids are not calculable by the rule of mixtures from 
the superticial tensions of the pure liquids. Mixtures of ben- 
zene and toluene show differences between the calculated and 
observed values of their surface tensions that are less than 
those attributable to experimental errors. Yet it must be 
borne in mind that the method of determination does not yield 
results that are accurate on an average to more than one part 
in a thousand, and it is quite permissible to believe that more 
accurate experimental methods will show marked differences 
between the calculated and observed values of the physical con- 
stant under discussion. 

It is to be observed that there are no abrupt changes in the 
capillary constants of any of the mixtures, that is to say, if the 
observed value is greater or less than the calculated value for 
any one mixture of two liquids, it is also greater or less for any 
other mixture of the same two liquids; the signs before the 
numbers in the column marked “ Differences” remains the 
same for every series of mixtures. 


1 
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Art. XXX.——Thickness of the Paleozoic Sediments in Arkan- 
sas; by JoHN C. BRANNER. With a Map (Plate III). 


THE general divisions of the rocks of Arkansas are shown 
on the accompanying geological map. There are no Archean 
rocks in the state, and the bottom of the Paleozoic beds is, 
therefore, not exposed. The syenites of the state, formerly 
supposed to be Archean, are eruptives, probably of Tertiary 
age ; whether the “red granite” said to occur at the mouth of 
Spavina Creek in the Indian Territory, near the northwest 
corner of the state,* is Archeean, is not known at present. 

The total thickness of the oldest sediments cannot, there- 
fore, be determined from direct observations within the state, 
and the total given in the present paper is, for that region, less 
than it should be. 

On the other hand, the method of giving maximum thick- 
nesses and of obtaining the total thickness of any one series of 
beds by adding together outcrops observed at many different 
localities, is liable to give an exaggerated idea of the total 
thickness of sediments, for in all probability no such total 
exists at any one place. 

The lowest rocks—the Lower Silurian—are exposed in 
Arkansas in two separate regions: the first in the region of 
the Ouachita uplifts, running west from Little Rock past Mt. 
Ida to the Indian Territory; the second north of the Boston 
Mountains along the Missouri line. 

In the former area the rocks are exposed by erosion in a 
region of sharp folds; in the latter they are horizontal or nearly 
so, are faulted in a few places, and are exposed for the most 
part by the trenching of the streams and the exposure of per- 
pendicular bluffs, where the character and thickness of the beds 
may readily be inspected. 

In the region of the Ouachita uplift no attempt has been 
made to subdivide the Silurian beds, further than to locate the 
novaculites. Very few fossils have ever been found in this 
area and no correlation of the rocks with those of other Silu- 
rian area of the state is possible at present, further than that 
made by Dr. R. R. Gurley, based upon a study of the grapto- 
lites found there. He says that a Trenton horizon and a Cal- 
ciferous horizon are represented.t Mr. Griswold, who has 
studied this area more thoroughly than any one else, says that 
the shales, limestones, and quartzose sandstones below the 
novaculite have a thickness of about 1300 feet, while the 

*Second report of a geological reconnoissance of Arkansas, by D. D. Owen, 


Philadelphia, 1860, pp. 17 and 408. 
+ Ann. Rep. Geol. Surv. Ark. for 1890, vol. iii, p. 401. 


230) C. Branner—Paleozvic Sediments in Arkansas. 


novaculites are about 1260 feet thick, making a total thickness 
of 2560 feet of Silurian sediment exposed in the Ouachita 
uplift.* 

The lower Carboniferous beds are not represented, so far as 
we know, in the Ouachita uplift, but the Lower Coal Measures 
(Pennsylvanian) rocks seem to rest directly upon the Silurian 
novaculites. 

In the Silurian area north of the Boston Mountains the 
rocks are sandstones, cherts, magnesian limestones and a few 
beds of shale. The lowest rocks in the Boston Mountain region 
of which we have any knowledge are those penetrated by the 
deep well bored near Cushman, Independence County. ‘This 
well gives a thickness of 1750 feet below the Izard limestone.t 

Overlying this unclassified (in Arkansas) group of sediments 
is a bed I have called the Izard limestone, from its development 
in the southeastern part of Izard county ; according to Pen- 
rose this limestone has a maximum thickness of 285 feett at 
Penter’s Bluff on the White River. From the manganese 
region in Independence and Izard counties it thins out east, 
west, north and south. 

Next above the Izard limestone is the St. Clair marble with 
a maximum thickness of 155 feet at Penter’s Bluff; it also 
thins out on all sides and is not known in the western part of 
the state. 

According to Dr. H. 8. Williams, who has carefully studied 
the paleontology of these rocks, the lower part of the St. Clair 
bed of Penrose is “about equivalent to that of the Nashville 
group of Tennessee or the Cincinnati group of Ohio,”§ while 
the upper part of it contains fossils “ equivalent to the Waldron 
fauna of Indiana or to the Clinton-Niagara fauna of New 
York,” and the middle is of “early Niagara.” The last two 
divisions are Upper Silurian. 

Next above the St. Clair marble is what I have called the 
Eureka shale with a maximum thickness in Washington County 
of 50 feet.| The age of this shale has not been definitely 
settléd. In Tennessee, Safford calls it the “ Black shale” and 
refers it provisionally to the Devonian; Hershey thinks it is 


the equivalent of shales of Devonian age in Iowa and Illinois.4] 


* Ann. Rep. Geol. Survey of Ark., for 1890, p. 206, and plate ITI, p. 209. 

+ Op. cit., vol. i, Manganese, by R. A. F. Penrose, Jr., pp. 117-118. 

¢ Annual report of the Geol Survey of Ark. for 1890, voi. i, Manganese, by R. 
A. F. Penrose, Jr., Little Rock, 1891, pp. 121-122. Also marbles and other 
limestones, vol. iv, by T. C. Hopkins, p. 108. 

§ On the age of the Manganese beds of the Batesville region of Arkansas, by 
Henry S. Williams, this Journal, III, 1894, xlviii, 326. 

| Ann. Rep. Geol. Survey of Ark. for 1888, vol. iv, Washington County, p. xiii. 

| The Devonian series in southwestern Missouri, by Oscar H. Hershey, Amer. 
Geologist, 1895, xvi, 294-300. 
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The fossils found in the Eureka shale in Arkansas are mostly 
Discinas and Lingulas and are of but little use in correlation, 
but inasmuch ‘as crinoid stems are abundant in places, and as 
the shale merges gradually into the overlying Carboniferous 
limestones, I am inelined to believe that it belongs with the 
Carboniferous rocks. 

The Sylamore sandstone (one of the phosphate beds of 
Arkansas) has a maximum thickness of 40 feet on Sylamore 
Creek in Stone County; it sometimes replaces the Eureka 
shale ; often it is entirely wanting. At St. Joe a thin bed (4’’) 
overlies the shale, and a thicker one (2—4 feet) underlies it.* 

Thus far but few recognizable fossils have been found in this 
formation. 

Above the Sylamore sandstone and Eureka shale is the chert- 
bearing limestones (sometimes containing sandstones also) 
which I have called the Boone chert on account of its wide 
occurrence and development in Boone County. It is found 
throughout the entire Paleozoic area of North Arkansas north 
of the Boston Mountains, and has a maximum thickness of 
370 feet. 

The next horizon, named by Prof. F. W. Simonds the 
“ Wyman sandstone,” has a thickness of only 10 feet.t Above 
it the Fayetteville shale (Simonds), a widespread formation 
north of the Boston Mountains, has a maximum thickness of 
300 feet near Batesville. : 

Next, the Batesville sandstone has a thickness of 200 feet in 
the western part of the state. The Batesville sandstone lies 
at the top of the Arkansas equivalent of the Keokuk and 
Burlington. Then follows what I have called the Boston 
group, a series of shales, sandstones and limestones, which form 
the upper portion of the Lower Carboniferous or Mississippian : 
these taken together have a maximum thickness of 780 feet. 
This brings the section to the base of the Coal Measures or 
Pennsylvanian. 

In the Boston Mountain region the lowest member of the 
Pennsylvanian series, the Millstone Grit, has a thickness, in 
places, of 500 feet.t With the exception of some of the sand- 
stones and shales that have been extensively eroded in that 
region, this is the highest member of the series exposed along 
the north side of the Boston Mountains, and the remainder of 
the group must therefore be measured in the Arkansas Valley. 


* In Tennessee, Safford reports a similar sandstone below the shale (Geology of 
Tenn., p. 330); Meadows and Brown speak of it both above and below (Trans. 
Am. Inst. M. E., xxiv, 189, 585, 589); Hayes represents it as below (Sixteenth 
Ann. Rep. U.S. G.S., pt. iv, pl. vi). 

t Ann. Rep. Geol Surv. of Ark. for 1891, vol. iv; Geology of Benton County, 
by F. W. Simonds and T. C. Hopkins, p. 27. 

¢ Ann. Rep. Geol..Surv. of Ark., 1888, vol. iv, p. 137; 1890, vol. i, p. 140. 
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Beginning at the base of the Lower Coal Measures rocks 
southwest of Little Rock where they rest directly upon the 
Silurian novaculites, and going across the strike, nearly due 
north, to the Big Rock syncline whose axis crosses the 
Arkansas River two miles above Little Rock, we have a series 
of sandstones and clay shales, the latter predominating. The 
rocks all have very steep, almost vertical north dips except 
near the axis of the syncline; this belt is from three to four 
and a half miles wide. If they are not faulted or overturned, 
these beds have a thickness of something more than 16,000 
feet. It is not improbable that they are faulted, however, for 
they are mostly clay shales, with an abundance of large quartz 
veins, and the beds exposed at the “little rock” en the river 
bank at Little Rock are much crushed aud distorted ; faulting 
in this case must have tended to conceal a part of the true 
thickness of the rocks. 

About four and a half miles north of the Big Rock axis is 
another syncline whose uppermost beds are at about the same 
horizon as those at Big Rock. The same beds are again 
exposed in a third syncline-—the Cato syncline—fourteen miles 
north of Little Rock. The Cato synclinal axis is shown on the 
accompanying plate (p. 233). It lies east-west, and at its west- 
ern extremity turns northward and ends in the Round Mountain. 
The rocks exposed at the axis of this syncline are at or very 
near the same horizon as those at the axis of the Big Rock 
syncline, so that we are here apparently no higher geologically 
than at Big Rock. Fortunately the geology hereabout and 
especially from Cato north to the Bayou Meto anticline, west 
to Round Mountain and thence to the Cadron anticline, north 
of Conway, isso plain that there can be no serious doubt about 
the thickness calculated for the several beds. An examination 
of the accompanying figure will, I believe, make this evident.* 

The rocks are alternate beds of sandstone and shale, and 
erosion has developed a striking system of sandstone ridges and 
shale valleys: in some places these valleys and ridges may be 
traced for fifty miles, doubling back and forth upon them- 
selves. The directions and continuity of the many sandstone 
ridges show that there can be no considerable faults or over- 
turns. 

From the top rocks of the Cato syncline (A on map, p. 
233) to the bottom rocks of the Bayou Meto anticline (B on 
map) the rocks exposed have a total thickness of 14,900 feet. 

But the top of the syncline at the starting point has been 


* The details of the geology in the region represented on the figure were 
worked out by Mr. John H. Means and the figure was taken from his valuable map. 
Mr. Means has prepared a report upon the Lower Coal Measures area of Arkan- 
sas, but thus far the State has not published 1t. 
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removed by erosion. If one turns nearly due east, from the 
Bayou Meto anticline, crosses the Little Rock and Fort Smith 
railway a mile or two south of Preston, and goes to the top of 
Round Mountain in 4 N. 14 W. (C on the map), he will cross 
over the same series of rocks, plus the beds forming Round 
Mountain. All the way the dip is toward the west, and the 
total thickness of the exposed rocks is 18,480 feet. 

Another series of observations made along a line run north 
from the top of Round Mountain to the axis of an anticline 
three miles north of Conway (D on the map), and deducting 
for the gentle fold near Conway, gives a thickness of 17,730 
feet. 

I lay particular stress upon these three measurements because 
they involve the greater part of the thickness of the Lower 
Coal Measures rocks, and because, judging from the manner in 
which these three sections agree, there seems to be no possibil- 
ity of any serious mistake in estimating their thickness. 

It ought to be noted here that in 1889 I authorized Mr. 
Griswold to say that the rocks of the Coal Measures in Arkan- 
sas had a total thickness of four miles.* This statement was 
based upon a section examined and measured between the 
Petit Jean Mountain and the Silurian novaculites of the 
Ouachita uplift. But there was no certainty that the rocks 
along this section were not repeated by folds or faults, and the 
thickness seemed so unusual that I afterwards sent assistant 
J. F. Newsom (now Professor of Geology in the University of 
Indiana) over another part of the same beds with a view to 
checking my results. The three measurements here given 
from the Cato syncline to the Bayou Meto anticline, thence to 
Round Mountain, and from Round Mountain to the Cadron 
anticline, are the results of Professor Newsom’s work.t+ 

So far as I can make out, the sandstones in the top of Round 
Mountain are at the same geological horizon as those in the 
tops of Carrion. Crow Mountain, Petit Jean Mountain and 
Mount Nebo, and these sandstones lie only a short distance 
below the Ouita coal bed near Russellville. 

From the base of the productive Coal Measures (beginning 
at the top of Carrion Crow Mountain) to the top of the Poteau 
Mountain at the Indian Territory line, there is a maximum 
thickness of 5300 feet, of which 3500 feet belong to the upper 
series, which Mr. Winslow proposes to call the Poteau group. 


* Ann. Rep. Geol. Sur. for 1890, vol. iii, Whetstones and the Novaculites of 
Ark.; by L. 8. Griswold, p. 206. 

+ In his report to me Professor Newsom notes the fact that the measurement 
on the south side of Bayou Meto anticline gives a thickness of 14,900 feet, and 
that the measurement on the west side, or down its nose to the ridge correspond- 
ing to that at the synclinal trough on the south, on 14,520 feet—a difference of 
only 380 feet. 
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In the Lower Coal Measures area lying south of the Oua- 
chita uplift Dr. George H. Ashley, who worked out the details 
of the geology of that region, found 5200 feet of sediments 
above the Silurian on West Saline River, and on the Rolling 
Fork of Little River he found 6800 feet, with the bottom still 
concealed. 

These sediments are overlapped by the Cretaceous rocks to 
the south, so that the total thickness of the beds on that side 
of the Ouachita uplift is not visible. 


Table of Thickness of the Paleozoic Sediments of Arkansas. 


Bost. Ark, 
Mts. Valley. 
feet, feet. 
Poteau beds. 3500 
( Upper Coal M. 1 Productive beds. 1800 


Coal Measures | 


or { Lower Coal M. Barren beds ..... 18480 
Pennsylvanian j 
500 
Lower “Chester, St. Louis” ) 
Carboni- | “ Warsaw” Bost. group.... 780 
ferous or | ( Batesville sandstone. 200 
Missis- Keokuk sville shal 3 
Barlineton ” ayetteville shale... 300 
sippinn. “ Barling Wyman sandstone .. 10 
Boone chert. .-. .... 370 
Sylamore sandstone. 40 
Devonian Eureka shale---. 50 
Upper Silurian ............ ( St. Clair Marble... 155 
Lower Silurian.........-.-- Izard limestone..... 285 
Underlying beds --.1750 
+ + 


4440 23,780+ 
Total thickness of known Paleozoic sediments 28,220 feet. 


There is, of course, nothing remarkable about the thickness 
of any of the Arkansas sediments except in the case of the 
Lower Coal Measures. So far as I can learn, the thickness of 
the Carboniferous rocks in this section is greater than that of 
sediments of the same age in other parts of the country or of 
the world. 

Hitherto the Carboniferous sediments of Nova Scotia have 
been looked upon as the thickest on the Continent—between 
10,000 and 16,000 feet.* 


* There has been some disagreement about the thickness of these beds. Sir 
Wm. Logan reported 14,570 feet; later Sir Wm. Dawson gave 10,000 feet for 
the Coal Measures proper (Proc. Am. Phil. Soc. 1862, ix, 101; 1863, ix, 208; 


; 
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In the Wahsatch section of Utah and Eastern Nevada the 
Weber quartzite and its overlying Coal Measures and Permian 
beds have a thickness of 10,650 and possibly of 16,650 feet.* 

In the Indian Territory Chance reports a thickness of 8500 
to 10,000 feet in the Carboniferous rocks, but that is simply 
another part of the Arkansas valley basin.t+ 


Thickness of Coal Measures (Pennsylvanian) Sediments in North 


America 
16,650 (?) 
10,000 


In other parts of the Mississippi basin containing Coal Meas- 
ures rocks the beds are generally less than 5000 feet thick, the 
thicker portions lying along the eastern border of the Appa- 
lachian coal fields from Pennsylvania to Alabama, where they 
are 5500 feet thick. 

If we inquire into the reason for the great thickness of Coal 

Measures sediment in the Arkansas Valley, I believe it is to be 
found in the drainage of the continent during Carboniferous 
times. The rocks of this series in Arkansas contain occasional 
marine fossils, and these marine beds alternate with brackish 
or freshwater beds whose fossils are mostly ferns and such like 
land or marsh plants. This part of the continent was, there- 
fore, probably not much above tide level. The drainage from 
near the Catskill Mountains in New York flowed south and 
west. The eastern limit of the basin was somewhere near the 
Archean belt extending from New England to Central Ala- 
bama. This Appalachian watershed crossed the present chan- 
nel of the Mississippi from Central Alabama to the Ouachita 
uplift, or to a watershed still farther south and now entirely 
obliterated and buried in Northern Louisiana. In any case 
the drainage flowed westward through what is now the 
Arkansas valley between the Ozark Island on the north and 
the Arkansas Island on the south. 
Acadian Geology, 2d ed., 1868, 149, 146, and 151), and still later 14,000 and 
16,000 feet (Quar. Jour. Geol. Soc., xxx, 210). Mr. Gilpin says that H. 
Fletcher of the Canadian Survey gives a total thickness of 21,960 feet for all the 
Carboniferous of Cape Breton. This. however, includes the Lower Carboniferous 
(Quar. Jour. Geol. Soe., xlii, 1886. p. 524). 

* U.S. Geol. Expl. 40th Parallel, I, Systematic Geology, by Clarence King, 
pp 240, 248. 

+ Trans. Amer. Inst. Mining Engineers, 1889-90, xviii, p. 655. 
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Art. XXXI.—The Devonian of North Missouri, with notice 
of anew fossil ; by G. OC. BROADHEAD. 


THERE is probably not over fifty feet thickness of the 
Devonian in North Missouri where it is chiefly exposed in the 
counties of Lincoln, Pike, Ralls and Callaway. Tn Pike and 
Ralls the upper portion consists of a few feet of black shales 
at top with limestone beds below. The fossils contained are 
chiefly Atrypa reticularis, A. aspera, Spirifer eruteines and 
a few corals. Westwardly in Warren and Montgomery the 
Devonian is inconspicuous. In Callaway it is better developed 
and in several neighborhoods fossils are abundant, the most 
prominent being Atrypa reticularis, A. affinis, Cyrtia ; 
several species of Strophodonta, Orthis iowensis, Stromatopora, 
Zaphrentis gigantea, Favosites several species, and several 
species of Cephalopoda. 

At Providence, Boone County, about 25 feet of Devonian 
limestone is exposed containing a few rare and interesting fos- 
sils, including Spirifer eruteines, Favosites alpenensis and 
Stromatopora expansa, and four feet below the top we find 
Loxvonema robusta, Murchisonia and an interesting gasteropod 
not heretofore found in Missouri and not described. The fol- 
lowing is a description of it. 


Pleurotomaria Providencis. 


Shell subglobose, depressed, spire moderately elevated, apex 
apparently eroded. Volutions three or four, the last whorl 
much expanded. Aperture circular. Surface marked by 
numerous strive or lines of growth which are occasionally im- 
bricated, strongly marked and unevenly fasciculated. 

A suleus one-tenth of an inch broad and about one-half as 
deep divides the upper and lower part of each whorl. The 
strize as they pass from the suture curve backwards, increasing 
in curvature as they approach the medial sulcus, where they are 
so much crowded as to form a low border to the suleus. In 
crossing the suleus they are concave in front. On the lower 
side of the suleus they also curve backward and form a sharp 
border to the sulcus similar to that formed above. 

In average-sized specimens there is a row of prominent nodes 
about half way between the sulcus and the suture. These 
nodes at their upper and lower portions are elongated into a 
low ridge which follows the direction of the lines of growth 
of the shell, but is soon blended into the body whorl. There 
is also another range of nodes below the sulcus and some- 


Am. Jour, Scr.—Fourta Series, Vou. II, No. 9.—SeprempBer, 1896. 
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times a faint appearance of a second row. The shell also 
resents a somewhat nodular appearance just below the suture. 
he suture is well defined. 

The lower side of the last volution is regularly curved, the 
upper side more often rough-looking from the presence of 
nodes and the occasional prominence of the lines of growth. 

On the last volution of old shells the nodes almost disappear 
but the sulcus continues to be well marked. Columellar lip 
thick, flattened, making an angle of about 80° with the outer 
surface of the shell. 


Height of an average specimen. -..-.---- 2 inches 
Breadth 2 inches 
Some shells are one-half larger. 


This shell in general form resembles Z’urbo shumardi of De 
Verneuill, but the latter is crossed with swollen ridges instead 
of nodes and they cross the lines of growth instead of follow- 
ing them. The 7. Shumardi also has no suleus. The suleus 
in our shell seems to be a filled slit and, therefore, we have 
placed it in the genus Plewrotomaria. 

Columbia, Mo., June 11, 1896, 


FIGURE 1.—Average specimen. 

Fiaure 2.—Under side of ast whorl showing umbilical region. 

Figure 3.—Part of an old shell showing ornamentation on last whorl. 

Figure 4.——Vertical section. 

Figure 5.—Part of whorl showing nodes with sulcus between. 

Figure 6.—Part of an old shell crushed. 

FigurE 7.—Section across back of whorl showing sulcus and elevation of ridges 
and nodes. 


All of natural size. 
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Art. XXXII.—A Visit to the Great Barrier Reef of Aus- 
tralia ;* by A. AGASSIZ. 


* Extract from a letter to the editor dated Cook Town, Queensland, May 16th, 
1896 

...... THE steamer “Croydon” of the A. U. 8S. N. Co. 
was chartered for my exploration of the Great Barrier Reef. 
Dr. W. MceM. Woodworth and Mr. A. G. Mayer accompanied 
me as assistants. We carried a complete photographic appa- 
ratus and an extensive outfit for pelagic fishing in the way of 
surface as well as of deep sea Tanner nets, with the usual 
apparatus for sounding in moderate depths. All this, beside the 
necessary appliances “for preserving the collections, was for- 
warded to Sydney early in the winter. 

Commander Z. L. Tanner, U. 8. N., was kind enough to 
superintend for me the building of the sounding machines and 
of the deep sea nets. We hoped to make large collections of 
pelagic animals both inside the Barrier Reef as well as at sea 
off the passages leading through the Great Barrier Reef. 
Unfortunately during our whole ‘stay in the district of the reef 
boisterous weather prevented us from carrying out our plans 
for making pelagic collections, and we were compelled to limit 
our work mainly to the examination of the inner portions of 
the Great Barrier Reef district.. Our most extended observa- 
tions were made in the vicinity of Cook Town from the Hope 
Islands on the south to Lizard Island on the north. South of 
the Cook Town district the weather prevented us from making 
more than a rapid examination of many of the islands and 
reefs on our track. While thus gaining only a general knowl- 
edge of the structure of the Great Barrier Reef, it was, how- 
ever, quite sufficient to give us an excellent conception of the 
causes which have brought about the existing conditions along 
the coast of Queensland adjoining the Great Barrier Reef. 
Although the English admiralty charts of the Great Barrier 
Reef are still far from complete, yet many of the sheets are 
sufficiently detailed to show the process of denudation and of 
erosion which has been going on along the northeast part of 
the coast of Australia. 

Steaming along the coast and back and forth towards the 
outer edge of the Barrier Reef, one is at once struck with the 
broad belt of coral reefs, flanking on the east the navigable 
channel which extends between it and the mainland as far as 
Cape York, a belt diminishing greatly in width as one pro- 
ceeds from the south, northwards. The soundings thus far 
taken off tle outer edge of the Great Barrier Reef, though not 
very numerous, yet indicate sufficiently well the submarine 
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slope of the continent outside of the reef. They show that it 
varies greatly, being quite steep to the south of Break Sea Spit, 
beyond the range of the coral reefs, while off the barrier reef 
it shelves more gradually as we go northward and approach 
the extensive shallow submarine plateau uniting northeastern 
Australia with New Guinea. The depth of the inner naviga- 
ble channel varies from six to seventy fathoms at its southern 
funnel-like opening, to a general average of from ten to sixteen 
fathoms northward as far as Cape York. The passages between 
the inner reefs and the reef patches leading from the inside 
channel to the inner edge of the very outer reefs vary in depth 
from ten to twenty-five or even thirty fathoms. 

The many islands with which the coast of Queensland is 
studded are either detached single islands or small groups of 
islands, or even extended archipelagos, and with few exceptions 
they are at no great distance from the mainland. The aspect 
of the deeply eroded flanks of the coast mountains, the exist- 
ence of extensive high table levels, characteristic of the adja- 
cent islands also, plainly indicate, when taken together, that the 
coast of Queensland has for a long period been subjected to 
very extensive denudation and erosion, and that the islands 
occurring along its eastern face were once a part of the main- 
land. This supposition is fully confirmed by what is known of 
the geology and botany of the mainland and of the adjacent 
islands. 

As a general rule, the islands farthest removed from the 
Queensland coast have been longest subjected to the agencies 
which have separated them from the mainland. Many of the 
more distant remnants of the mainland are now mere islets 
flanked by extensive flats, or they are steep isolated rocks or 
clusters of rocks with rounded and worn surfaces devoid of 
vegetation, or they are simply flats eaten away to below low 
water mark. 

The conclusion seems inevitable that all the flats and reefs 
lying between the outer line of reefs and the mainland are but 
the remnants of former islands extending to the eastern edge 
of the continental plateau ; islands which once formed a part 
of the eastern coast of Queensland, and have by erosion and by 
denudation gradually been separated from the mainland and 
reduced to the flats forming the outer reef flats of the Great 
Barrier Reef. This process has, according to the Queensland 
colonial geologists, probably been going on since the end of the 
Cretaceous period, and is even now going on at many points of 
the Queensland coast. 

After the formation of the islands and islets and after their 
separation from the mainland, corals began to grow upon the 
eroded surfaces and flanks of the flats and banks, changing 
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them gradually to reef flats and flanking reefs. Comparatively 
few corals grow upon the reef flats proper; they are usually 
covered with dead corals, and it is upon the steep flanks or 
upper gentle slopes of the reef flats that corals flourish in 
greatest abundance from a depth of ten fathoms upward. 
Their principal belt of growth seems to be between seven and 
three fathoms, and often to low water mark. 

The existence of alluvial deposits, at a depth of nearly 
one hundred feet, in the vicinity of Townesville, plainly indi- 
cates that previous to the last elevation of the Queensland 
coast, there has been a subsidence of at least that depth along 
the northern part of the eastern coast of Queensland. This sub- 
sidence, however, ha: only played an insignificant part in the 
formation of the Great Barrier Reef; it is to the extensive 
action of erosion and of denudation apparent in all directions 
that we must look for the main causes which have shaped the 
submarine plateau off the coast of Queensland and prepared it 
for the growth of the Great Barrier Reef. At first the denu- 
dation and erosion of the northeastern part of the Australian 
continent must have taken place only on the outer edge of the 
continental plateau and did not extend to that part of the con- 
tinent which has subsequently been changed by the same 
causes to the present inner navigable channel. Thus an outer 
barrier reef alone may then have existed with an inner channel 
of perhaps fifteen fathoms depth, and a very narrow belt of an 
inner series of flats and reef flats with islands and islets off the 
then existing coast of Queensland; much as we now find a 
broad inner belt of flats and islets, and an inner navigable 
channel with its islands and archipelagos, lying within the 
older and outer reef belt in which all islands and islets have 
long ago been reduced to flats and reef flats, most of which do 
not rise to the level of the sea. 

The very moderate subsidence which has taken place in 
comparatively recent times cannot have shaped the outlines of 
the present Australian continent and of its submarine exten- 
sion. Forthis we must look back first to the subsidence which 
took place in Cretaceous times, next to the subsequent eleva- 
tion of the Cretaceous beds and finally to the erosion and 
denudation to which these beds, since their elevation above the 
level of the sea, have for so long a period been subjected. It 
is on the upper part of these submarine slopes, dating back to 
an earlier geological period, but modified by erosion and denu- 
dation up to recent times, that during the present epoch corals 
have obtained a footing and built up the Great Barrier Reef 
of Australia. 

How far the Cretaceous subsidence and the subsequent great 
elevation of these beds in Australia extended to the eastward, 
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is an interesting problem. Such an eastern extension of this 
subsidence and elevation would go far to explain the existence 
of the banks, islands and archipelagos of the Southern Pacific 
as formed by the denudation and erosion of a preéxisting con- 
tinent or continental islands. For if it has extended generally 
over the Southern Pacific we could explain the formation of 
coral reefs upon the remnants of these Pacific Lands much as we 
have attempted to explain the presence of coral reefs off the 
coast of Queensland and between it and New Guinea. The 
subsidence and elevation having both antedated the present 
epoch, neither could have influenced the formation of the coral 
reefs of our epoch or have been the cause of the peculiar shape 
of the Atolls and Barrier Reefs of the South Pacific coral belt. 

We also have evidence of the most positive kind that there 
has been an elevation of at least ten feet along the whole of 
the littoral belt of Queensland and as far east as the outermost 
edge of the Great Barrier Reef. Along the coast of the main- 
land and on some of the islands close to it, this is shown by 
the existence of a peculiar conglomerate first observed by 
Jukes and subsequently by others at Cape Upstart, and at 
other points of the Queensland coast. Farther east on some 
of the islands between the mainland and the inner edge of the 
barrier reef, the beach sand conglomerate is often elevated to 
the same height as the shore conglomerate. Finally it can be 
distinctly shown that the elevated shore conglomerates and 
beach rocks are merely outliers, indicating a more extensive 
elevation in which the whole of the Great Barrier Reef dis- 
trict was involved. Many of the inner reef flats and some of 
those close to the outer margin of the reef are edged with a 
belt of so-called negro heads, huge masses of coral, the rem- 
nants of the elevated coral reef which once flourished upon 
these flats. The elevated reef having been eroded and worn 
away left the outer flats generally covered with dead corals and 
coral fragments, while the flats of the inner series of reefs are 
usually fringed by a broad belt of large negro heads, the 
latter not having been reduced with the rest of the elevated 
reef of which they once formed a part.’ The surface of the 
negro heads* is deeply pitted and honeycombed like the surface 
of the elevated coral reefs of Florida and of the northern coast 
of Cuba. 

One cannot fail to be struck with the immense amount 
of silt held in suspension by the inner waters of the Great 
Barrier Reef. The rivers during the floods bring down large 
masses of deposit ; the flanks of the coast mountains as well as 

* As far as I know, Flinders was the first to apply the term of ‘‘ negro heads”’ 


to the remnants of the former elevated coral reef. The existence of such an 
elevated reef suggested itself on reading his description. 
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of the islands off the shore are constantly scoured by rain ; 
thus silt is carried over the whole of the bottom of the inner 
waters of the Great Barrier Reef. The shallower water of the 
main inner channel, in depths of ten fathoms or less, is far from 
clear; it is only in the deeper channels of the inner reef flats, 
in eighteen or more fathoms in depth, that the water becomes 
clear. But even in those channels, and in the inner channels close 
to the outer edges of the reef, the bottom is not composed of 
coral sand silt, but is covered with blue mud derived from the 
adjacent continental or island shores and flats. 

I hope soon to publish a more detailed account of our obser- 
vations. 

I have to thank the State Department at Washington, the 
Foreign office in London, and the Government of Queensland 
for the interest they took in this expedition and for the facili- 
ties for work offered me in consequence from every direction. 


Hvusert Anson Newron, Professor of Mathematics in Yale 


University and for many years an associate editor of this Journal, 


died at his home in New Haven, Conn., on August 12, at the age 


of sixty-six years. A biographical sketch of Professor Newton 


will be given in a later number. 
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Jostan Dwicut Wuirtney, Professor of Geology and Metal- 
lurgy at Harvard University, died on August 19th, at the age of 
seventy-six years. A notice is deferred until another number. 


A. H. Green, Professor of Geology at the University of Ox- 
ford, died recently at the age of sixty-three years. 


Proressor PETER CoLiiER, well known as an agricultural 
chemist, died on June 29, 1896, at the age of sixty-one years. 
He was graduated in arts at Yale College in 1861, and remained 
in graduate studies of chemistry until 1867, receiving meanwhile 
the degree of doctor of philosophy, and serving sometime as 
assistant in chemistry. His studies were under both the elder 
and the younger Silliman, and Johnson, Dana, and Brush, and 
along with a goodly number of students since well known in 
chemical science. From 1867 to 1877 he was Professor of Phy- 
sics and Chemistry in the University of Vermont. During this 
period he became enlisted in agricultural chemistry, leading in 
farmers’ institutes, writing in the public prints and the journals 
of agriculture, and awakening attention to the applications of 
science. He served as one of the scientific commissioners to the 
Vienna Exposition in 1873. In 1877 he was appointed to the 
post of Chief Chemist of the Department of Agriculture at 
Washington, in which he was engaged six years. The annual 
reports of the department for this period give account of his 
investigations. He entered with great spirit into the problems 
of sugar production, and of the cultivation of sorghum with the 
fullest economy. In 1884 he published a comprehensive work on 
this subject, with a critical examination of the methods of manu- 
facturing sugar from sorghum, and of its use for fodder. In 1887 
he took the post of Director of the New York State Agricultural 
Experiment Station, at Geneva, N. Y., in which he was engaged 
until he was attacked with the disease which terminated his life. 
At Geneva he instituted, with the chemists of the Station, careful 
chemical and practical experimentation upon cheese-making and 
other questions of the products of milk, his laboratories being 
well sustained for experimental work. Suffering a severe attack 
of illness in the summer of 1895, he rallied sufficiently in Novem- 
ber to bear the journey to Ann Arbor, and remained in this place, 
drawing friends around him by his genial gifts of conversation, 
until his death in June. Dr. Collier was a man of much execu- 
tive force, having a wide acquaintance with scientific men, show- 
ing himself a keen observer of the trend of scientific thought, and 
holding the high regard of all who knew him. Of his family, 
his wile, a sister of President James B. Angell, and a daughter 
survive him. A. B. P. 


PALEONTOLOGY. 


ONSTANT acquisitions sustain our large stock of typical specimens 
representing Systematic and Chronologic Palaeontology, 
covering all the biological and geological divisions of the subject. 


SYSTEMATIC COLLECTIONS 


are prepared varying in price from twenty dollars to twelve hundred dollars, 
and larger or smaller ones are made to order. In many species our suits of 
specimens are so large that the investigator can be supplied with series show- 
ing development or variation. European as well as American localities are 
well represented by choice specimens. 
Among the more noteworthy points of our present stock are: 
Corals, from the Devonian of New York State and the Falls of the Ohio, 
which we have in extensive series and at moderate prices. 
Echinodermata. Many species of Crinoids, from the Silurian and 
Carboniferous, ranging from - - - - 50 cents to $18.00 
A free specimen of Apiocrinus rotundus, all parts in place. $25.00 
Magnificent slabs of Pentacrinus subangularis, from Bavaria. 
$15.00 to $50.00 
Melonites multiporus, now represented only by 3 fine slabs. 
$10.00, $15.00 and $23.00 


Fish. Devonian, from Scotland, - - - - $1.00 to $12.00 
Permian, from Saxony, - - 1.00 to 3.00 
Jurassic, from Bavaria, etc. - - - 1.50 to 75.00 
Cretaceous, from Mt Lebanon, - .25 to 5.00 


Tertiary, from Wyoming; very fine, showy specimens, .50 to 16.00 

Saurians. We have several fine Ichthyosaurians from Bavaria and 

England, - - - - - - - $60.00 to $175.00 

Birds. One very fine skeleton of the gigantic Moa, Dinornis maxi- 

mus, is complete in all essential parts and will stand about nine feet in 

height. - - - Price, mounted, $300,00 
(We anticipate soon to have a Great Auk Skeleton.) 

Mammals. Bad Land (Tertiary) specimens, as Oreodon, Eleo- 
therium, Rhinoceros and Titanotherium, are well repre- 
sented by skulls, jaws, teeth and other parts. 

Elephas and Mastodon are represented by skulls, jaws, molars, 
tusks and other parts. Eleven boxes for us, direct from Buenos Ayres, are 
now in New York, containing skulls of Nesodon and Mylodon; 
carapaces, pelvis, vertebrae, jaw and caudal rings of Glyptodon; por- 
tions of carapace of Panochthus and Haplophorus, and various 
parts of Megatherium. They are just too late to be quoted here, 
but prices will be sent on application. 

For further information in regard to Fossils, Casts of Fossils, Models, 
Restorations, Charts, Pictures, Archaeological or Ethnological 
Specimens, either actual, casts, or models, WRITE US. 

Fossils and Archeological Specimens will be sent on approval io responsi- 
ble parties. 

CATALOCUES. 
College Collection of Paleontology, 208 pages, 265 wood cuts, - - $0.50 
Academy Collection of Paleontology, 160 pages, 188 wood cuts, - .35 


School Series of Casts of Fossils, 60 pages, 68 wood cuts, - - - .25 
Smaller collections in Union School and Academy Collections, 100 
pages, 93 cuts, - - - - - - - - - = 


Casts of Prof. Marsh’s Fossils (Dinoceras and Hesperornis), - - .20 


Circulars sent on application, giving prices of the other 14 Catalogues issued by us. 


WARD’S NATURAL SCIENCE ESTABLISHMENT, 


18—28 COLLEGE AVENUE, ROCHESTER, N. Y. 
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DR. F. KRANTZ, 


RHENISH MINERAL OFFICE, 
BONN ON THE RHINE, GERMANY. 
ESTABLISHED 1833. 


LARGE STOCK OF MINERALS, METEORITES, FOSSILS 
AND ROCKS. 


Supplies as well single specimens as systematically arranged collections. 

The correctness of the designation is warranted. 
NEW CRYSTAL MODELS IN PLATE-GLASS. 

Collection of 102 Crystal models in 30 classes, including colored silk 
threads to illustrate the position of the axes or the polohedral fundamental 
forms. This collection, containing the primary forms of the crystallographi- 
cal systems and the pictures deriv ed from them, is arranged and explained by 
Dr. M. Baumhauer, Professor at the University of Freyburg, Switzerland. 


ROCKS. 
The stock contains more than 75,000 well trimmed specimens of fresh 
material in two sizes (about 613 x 81g and 814 x 1114 em.) and contains typi- 
cal specimens of the most characteristic occurrences mentioned in the hand- 


books of Zirkel and Rosenbusch. 
At present about 1,500 different kinds of eruptive and crystalline and of 
about 1,000 sedimentary rocks are in stock and in large number. 


FOR UNIVERSITIES. 


Large complete general collection of 2,500 Rocks, average 
size 814 x 1114 em., ‘ 
1,500 Thin- -sections, 


M. 6,000=$1,500 

THIN-SECTIONS 

For Microscopical Investigation. 

Single sections of Rocks will be furnished at the rate of 25c. to 40c., 
according to the difficulty of manufacture. 

Collections of 120 properly mounted sections of 59 Mineral species, in 
elegant case. Price $45. 

Smaller collections of 50 properly mounted sections of 22 Mineral species, 
in elegant case. Price $12.50. 

All preparations will be microscopically examined before sending ; the 
correctness of the designation is therefore warranted. 

MODELS FOR TECTONIC GEOLOGY. 

Collection of 32 models for tectonic geology made under the special direc- 
tion of Dr. G. Kalkowsky, Professor at the Technical High School in Dres- 
den. Price, M. 300=$75. Package, M. 18=$4.50. 

These solid models and light hollow cases, all of the same size (10:20:25 
em.) painted with different bright colors, exhibit all the kinds of arrange- 
ments of stratified and igneous rocks and offer the great advantage of exhib- 
iting these relations not only in single sections, but bodily or in sections in 
two directions and at the same time in the form of a map. 

Offers to buy or to exchange minerals or fossils as well in single beautiful 
specimens as in collections will be always accepted and treated in the most 
fair manner. 

New editions of the following lists are ready to be sent on demand : 

List of new acquisitions of excellent fossils. 

Catalogue No. V*: Professor Groth’s collection of 396 wood models. 

Catalogue No. XI: Professor Urba’s collection of 280 paper models. 

Catalogue No. XII: Professor Baumhauer’s collection of 102 glass models. 

Supplements 1 and 2 to Catalogue No. IV : New Rocks. 


REPRESENTED IN THE UNITED STATES BY 


Messrs. HEIMER & AMEND, 


205-211 Third Avenue, New York, 


SYSTEMATIC COLLECTIONS 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Reductions to suit the 
times on large collections purchased now. 

RELIEF MAPS AND MODELS. 

Almost the only place for correct and artistic work in this line. Send for list of 40 Reliet 
Maps for Schools and Colleges. 

LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 

A good price paid for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $2.00 per lb. Among 
them are Cafion Diablo complete, 40 cents to $1.00 per pound. Polished and etched sections 4 
to 5 cents per gram. 


Per Gram. Per Gram, 
Toluca, . 8to 5cents. Fayette Co. (4), . . 8 cents. 
El Capitan (1), . - * Croes Roads (5), . $3.00 
Cherokee (1), Wtosd “* New Concord, ‘ ito12 
Kendall Co., . - Wtow * Winnebago, . 
Rockwood (2), . Beaver Creek (6), ° 25 
Llorn del Inca (8), . - Stow * Pultusk, . - 


(1) Described in this Journal Sept., 1895. (2) Ibid Nov., 1887. (8) Proc, Rich. Acad. Sci., 
Vol.1. (4) This Journal Aug., 1888. (5) Ibid July, 1893. (6) Ibid June, 1894. 
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An International Quarterly Journal 


PUBLISHED UNDER THE AUSPICES OF THE RYERSON 
PHYSICAL LABORATORY, 
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Edited by L. A. BAUER, 
With the codperation of the following Associates : 

C. Abbe, P. Baracchi, W. von Bezold, E. Biese, F. H. Bigelow, C. Borgen, C. 
Chistoni, W. Doberck, M. Eschenhagen, J. Hann, G. Hellmann, 8S. C. Hepites, D. 
A. Goldhammer, A. Lancaster, C. Lagrange, S. Lemstrém, G. W. Littlehales, J. 
Liznar, T. C. Mendenhall, Th. Moureaux, F. E. Nipher, L. Palazzo, van Rijckevor- 
sel, A. W. Riicker, E. Schering, A. Schmidt (Gotha), C. A. Schott, A. Schuster, 
M. Snellen, E. Solander, I. P. van der Stok, R, F. Stupart, A. de Tillo, H. Wild. 
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‘* Magnus magnes ipse est globus terrestris.” —GILBERT, ‘‘De Magnete.” 


CHICAGO 
THE UNIVERSITY OF CHICAGO PRESS. 
Two Dollars a Year. Single Numbers, 50 Cents. 


“The magnetic needle has become such a promising instrument of research, not 
only in terrestrial but also in cosmical physics, that the journal which is to be de- 
vos to phenomena connected with it will appeal to a large class of investigators.” 
—Nature. 
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THE YALE REVIEW, 


A QUARTERLY JOURNAL FOR THE SCIENTIFIC DISCUSSION 
OF ECONOMIC, POLITICAL AND SOCIAL QUESTIONS. 


Published quarterly on the fifteenth of May, August, November and February. 
Under the able editorial management of 


Professors HENRY W. FARNAM, 
ARTHUR T. HADLEY, 
JOHN C. SCHWAB, 
EDWARD G. BOURNE, 
W. F. BLACKMAN, 
and IRVING FISHER. 


“ Committed to no party, and to no school, but only to the advancement of sound 
learning, it aims to present the results of the most scientific and scholarly investiga- 
tions in history and political science.” 


Valuable features of the REVIEW are the department of Notes and the Editorial 
Comment on the current and live topics of the day. 


Subscription Rates, $3.00 per year, in advance. 
Single numbers, 75 cents. 


Sample copies sent free on application. To new subscribers back issues Vol. I 
to IV sent at $1.00 per volume unbound. 


TUTTLE, MOREHOUSE & TAYLOR, 
NEW HAVEN, CONN. 


TuTTLE, MorEHousE & TayYLor are also printers of Scientific Works and 
Works in Foreign Type, in German, Greek, Hebrew, Arabic, Syriac, Sanskrit; 
printers of Hebraica; The Yale Literary Magazine; Catalogues of Yale Univer- 
sity; The American Journal of Science and Arts: Journal of the American 
Oriental Society: Transactions of the Conn. Academy of Arts and Sciences ; 
Biographies, Genealogies and kindred Works. 


THE PHILOSOPHICAL WORKS OF LEIBNITZ: 


With notes by GeorGE MartTIN Duncay, Professor in Yale University. 
400 pp. 8vo, bound in cloth, $2.50. 


THE PHILOSOPHY OF KANT, 
In Extracts. Selected by Prof. Joan Watson, LL.D., Professor in Queen's 
University, Kingston, Canada. 194 pp. 8vo, paper cover, 90 cents. 


Above works sent postpaid on receipt of price. 
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